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FOREWORD

This reference document was prepared by the Urban Mass Transportation
Administration (UMTA) of the U.S. Department of Transportation as a

guide to 168 reports generated under contract to UMTA. It is a

reflection of UMTA's continuing commitment to the dissemination of
technical report information to government, state, and local trans-
portation planning bodies; private industry; and the general public.

All reports in this document are available for sale at the:

National Technical Information Service (NTIS)
U.S. Department of Commerce
5285 Port Royal Road
Springfield, Virginia 22161

Telephone Number: (703) 557-4650

Each abstract in this volume contains an NTIS order number and a

price code for paper copy. Most documents are also available in

microfiche for $3.00 each. A current NTIS price code schedule is

included in this report. NTIS PRICES ARE SUBJECT TO CHANGE WITHOUT
NOTICE . Therefore, it is advisable that prices are verified before
ordering. All orders to NTIS must be prepaid and must contain the
report order number.

Volumes I, II, III, and IV of the URBAN MASS TRANSPORTATION ABSTRACTS
are also available at NTIS- The order number for Volume I (October
1972) is PB 213-212, and the price code is A23; for Volume II

(September 1973) PB 225-368, price code All; for Volume III (July 1976)
PB 264-904, price code A16; and for Volume IV (December 1977)
PB 277-290, price code Al 6.

The documents abstracted in this volume are arranged by grant number
in sections, which are: Part I) Research, Development and Demonstra-
tion Project Reports; Part II) Technical Studies; and Part III)

University Research and Training Reports. Part IV contains indexes
to the reports contained herein by report title, personal author,
corporate author, geographic location, and keywords.

For additional information concerning the reports in this volume, contact

Transit Research Information Center (TRIC)
Urban Mass Transportation Administration
2100 Second Street, S.W., Room 6412, UPM-44
Washington, DC 20590
Telephone Number: (202) 426-9157

i i i
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TITLE: COMMUNITY BROKERAGE OF TRANSPORTATION SERVICES

FOR THE ELDERLY IN MOUNTAIN VIEW. CALIFORNIA

Final Report

AUTHOR: Grain & Associates/under contract to Transportation

Systems Center
(Tom Cooper)

DATE: February 1978 project NO. :
CA-06-0002

-KEYWORDS : ^ .

.

1. Community Broker 5. Passenger, Transportation

2. Elderly 6. Trip Generation

3. Handicapped
4. Transit Dependent

The Mountain View Community Broker Danonstration Project has been
sponsored by UMTA's Office. of Service and Methods Demonstration of
the U.S. Department of Transportation. This document is a final

evaluation of the demonstration, and it reports on a unique way
of providing transportation and transportation-related service to
elderly and handicapped individuals in a small geographic area.

The main objective of this study is directly addressed in that the
project proposes to make a new transportation service that combines
informational and referral help with a very personalized transportation
service to the target group. The report covers the operation of the
project from February 1976 to February 1977, when the UMTA funding
lapsed. The project is continuing operation under Cal trans and the
Department of Health, Education and Welfare funding.

In this Community/ Broker project, a community broker furnished his
clients with individualized primary service information and scheduling
assistance. He also drove these clients to their destination in a

12-passenger van. The project was intended to demonstrate the economic
and operational feasibility of combining these functions in one role.
This report describes the community broker concept and project operations;
assesses the economic feasibility of the idea; discusses the project's
impact on the target group; and provides some commentary on ways a

community- broker type of project could be integrated into the existing
network of social services for the handicapped and elderly. The author
concludes that: the most popular trips were for shopping (34%), a

nutrition program trip (23%), and commercial meals (11%); the total

ridership never reached expected levels (only 112 users); and the
estimated operating costs for the project were high ($29,285 for
8776 passenger trips; cost per trip was $3.34; revenues totaled
only $3,432, about 12 percent of operating cost; and subsidy cost

per passenger trip was $2.95). This demonstration has not proved

the economic feasibility of the community broker concept in the

Mountain View area.

NTIS NO.: PB 285-234/AS PRICE: A06
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TITLE: THE LOS ANGELES DOUBLE DECK BUS DEMONSTRATION
PROJECT: AN EVALUATION

AUTHOR:CACI, Inc.- Federal

(C.H. McCall, Jr. and H.J. Simkowitz)

DATE: May 1978

KEYWORDS:

1 . Double Deck Bus

2. Demonstrations
3. Evaluation
4. High-Occupancy Vehicle

PROJECT NO.: CA- 06- 0069

5. Site Selection

This report is the third of three documents that constitute an
evaluation of the Double Deck Bus (DDB) project sponsored by the
Urban Mass Transportation Administration. The DDB project involved
the purchase and operation of contemporary DDBs in New York City
and Los Angeles (July 1974-June 1977). The intent was to assess
whether the DDB was able to make its greater passenger capacity
available at a cost per capacity-mile less than or equivalent to

its conventional counterpart.

DDBs carry from 68-84 passengers; conventional buses carry from
45-47 passengers. Both buses require a single transit employee,
the driver. This report provides a comparative evaluation between
the two German Neoplan DDBs and the two conventional Flxible buses,
and it explores vehicle-related, transit operator-related, and

user-related issues. In Los Angeles, the two Neoplan buses
operated between the suburbs and the central business district,
providing a combination of express and collection/distribution/
park-and-ride services. Only eleven months of revenue service
are analyzed, due to project delays to correct original manufac-
turing deficiencies. This evaluation considers passenger acceptance/
perception of the DDB vis-a-vis the conventional bus. Statistics
are presented on schedule adherence, dwell times, passenger
throughput, vehicle reliability, on-board safety, repair and main-
tenance costs, and fuel /oil consumption.

The report concludes that: passengers (52%) preferred the DDB;

operating costs were nearly identical for the two bus types;
major delays were associated with debugging and retro-fitting
the DDBs; facility modifications must be accomplished before
initial receipt of vehicles; the features generating the greatest
percentage of "major deficiency" rankings were legroom (12.3%) and
seat arrangement (5.0%); and results argued for the incorporation
of the DDB into the American bus fleets from both an economic and
level -of-service viewpoint.

NTIS NO. :PB 287-837/AS PRICE: A07
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TITLE: AUTOMATED MIXED TRAFFIC VEHICLE (AMTV) TECHNOLOGY
AND SAFETY STUDY
Final Report

AUTHOR: Jet Propulsion Laboratory
(Alan R. Johnston, Ted K. C. Peng, Howard C. Vivian,
and Peter K. Wang)

DATE: February 1978 PROJECT NO.: CA-06-0088

KEYWORDS:

1. Automated Vehicles 5. Safety, Automated Vehicles
2. Community-Based Transit Systems 6. Shuttle Transit
3. Malls, Pedestrian, Automated Vehicles 7. Vehicle Design
4. Malls, Shopping, Automated Vehicles

This report discusses technology and safety related to the imple-
mentation of an Automated Mixed Traffic Vehicle (AMTV) System. An .

AMTV system is one which follows a buried cable, and is used in

areas that require low-speed vehicles, such as in shopping and
pedestrian malls. The purpose of this study is to review the techno-
logy used in an AMTV system, to identify areas where further develop-
ment is either required or desirable, and to conduct a safety analysis
on an AMTV system. The results are intended as a guide for further
efforts in AMTV system design and technology for both near- term and
long-term applications.

The systems discussed include a low-speed system and a hybrid system
which can operate at the low speed and at a higher speed within a

protected right-of-way. The low-speed system is a candidate for a

near- term demonstration and can be used in pedestrian malls, large
campuses, and recreational parks. The hybrid system may have appli-
cation, after further development, on urban streets, in airports, or
in situations where longer distances may be involved. Examples are
given of an AMTV application and of an AMTV demonstration. The report
describes a comprehensive safety analysis which was conducted to
examine potential hazards caused by hardware failure and by events
unrelated to hardware failure. Hazards which are common to other
transportation modes such as earthquake or falling objects; and social
hazards, such as vandalism and criminal attack were not treated.
Corrective and preventive actions in terms of modification or opera-
tional procedures are suggested. Also, a list of References and
Appendices A, B, and C: "Safety Analysis Data - Hazard Catalog";
"Safety Analysis Data - Failure Induced Hazard Catalog"; and "Analy-
tical Models of AMTV", respectively, are contained herein.

The major findings of this study are that straightforward development
using current technology will make it possible to demonstrate a low-
speed AMTV system in three to five years. With a prudent, fail-safe
design, and appropriate right-of-way protection, the system can

operate safely in an environment containing pedestrians. An initial
demonstration should restrict the mixed-traffic environment in order
to ensure safety during the learning period.

NTIS ORDER NO.: N78-25257 PRICE: A07
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TITLE: COSTS AND ENERGY EFFICIENCY OF A DUAL-MODE SYSTEM
Automated Guideway Transit Technology Program

AUTHOR: California Institute of Technology
Jet Propulsion Laboratory
(R,C. Heft and C.S. Borden)

DATE: April 1977 PROJECT NO.: CA-06-0088

1. Automated Guideway Transit
2. Economic Analysis
3. Energy, Efficiency
4. Life-Cycle Cost
5. Propulsion Systems
6. Dual -Mode

This project was sponsored by the Urban Mass Transportation Adminis-
tration of the U.S. Department of Transportation, and the work was
performed at the Jet Propulsion Laboratory (JPL), California Institute
of Technology, by agreement with the National Aeronautics and Space
Administration, to which Caltech/JPL is a prime contractor.

This report represents a more detailed examination of two areas of a

previous analysis on a Dual-Mode System as documented in "Technical and
Cost Considerations for Urban Applications of Dual-Mode Transportation"
(JPL, May 1972). It uses the technical and cost data of the previous
report and employs the life-cycle cost approach (Appendix B). This
report is divided into two parts plus the Appendices: 1) An Economic
Analysis and 2) An Energy Consumption Analysis.

The Economic Analysis is a preliminary analysis of a dual -mode trans-
portation system (PATH). It examines the present value Life-Cycle Costs
of the system for both public and semi-private system ownership and
presents the costs in terms of levelized required revenue per passenger
mile. Two transit modes associated with a high-speed guideway system
are included, namely, pallets and conmand actuated passenger service
(CAPS) vehicles. The system evaluated is a 280-mi single lane (140-mi

double-lane) high speed guideway. Two outputs have been generated by this
report: 1) a life-cycle methodology which can be used as a standard to

evaluate and compare various transportation system designs, and 2) this

methodology was used to compute costs for PATH dual -mode systems.

The Energy Consumption Analysis considers the energy use of the various
Dual-Mode Vehicles by means of a detailed vehicle simulation program

for the control policy and guideway system as described in the previous
study. The five vehicles included in the energy analysis are: Car/Pallet;
Bus (CAPS): Bus (CAPS)/Pal let; and Bus (Transit). The three candidate
propulsion systems considered are: Electric traction (DC series);
Diesel (4 stroke); and Otto (4 cycle). It is concluded that the electric
traction is more energy efficient than Otto or Diesel for the dual -mode
pallets.

NTIS ORDER NO.: PB 272-714/AS PRICE: AOS



TITLE: INDEPENDENT STUDY OF PERSONAL RAPID TRANSIT

AUTHOR: The Aerospace Corporation
(C. L. Olson)

DATE: December 1977 PROJECT NO.: CA-06-0090

KEYWORDS:

1. Automated Guideway Transit
2. Environment and Environmental Control, PRT
3. Guideways, PRT
4. Personal Rapid Transit

The objectives of the Urban Mass Transportation Administration's Auto-
mated Guideway Transit (AGT) Technology Program are to: 1) develop

.

estimates of the cost, service, reliability, safety and performance
of AGT systems in representative urban deployments; 2) generate per-

formance specifications for future AGT engineering development programs;

3) synthesize guideline standards for AGT systems to include safety
and reliability; and 4) identify critical technology shortcomings that
currently impede the implementation of viable AGT systems and develop
the required technology. A portion of the AGT Technology Program con-
sists of independent studies in specific areas by organizations that
have special expertise in those areas. This report summarizes the
findings of an independent study in the area of Personal Rapid Transit
(PRT) which was conducted by the Aerospace Corporation.

This study consists of four Tasks which are presented separately. In

Task 1, "Review of Available Technology", existing hardware and software
technology is reviewed for applicability to implementation of future
U.S. PRT systems. The PRT system characteristics reviewed include
Aerospace, Aramis, Cabtrack, Cabintaxi, and those of the Computer-
Controlled Vehicle System. In Task 2, "Environmental and Energy Impacts
of PRT", environmental and energy impacts of PRT are estimated and com-
pared with alternate forms of AGT and conventional urban transportation
modes. Energy consumption by fuel type, land use needs, visual intru-
sion, air pollution emissions, and noise burden data are included in
this estimation. In Task 3, "PRT Deployment: General Methodology for
Feasibility Assessment of PRT Deployment in an Urban Area", a general
methodology for establishing the feasibility of PRT in an urban area
is defined, and applied to the Los Angeles Basin for demonstration
purposes. This deployment requirements study includes service, cost,
dependability, and growth potential characteristics of PRT systems.
In Task 4, "Research and Development Activities for PRT", areas where
research and development are required to make a future PRT system

. deployment feasible are described, and an approach to fulfill the noted
technology shortcomings is provided.

The study concludes that further developments are required of the PRT
full-scale systems and in most of the critical subsystem areas as well.

NTIS ORDER NO.: PB 287-869/AS PRICE: A16
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TITLE: SAFETY DURING SPECIAL TRANSPORTATION SERVICE TRIPS

Volume Two: Movement In and Out of Special Transportation
Service Vehicles

AUTHOR: California Department of Transportation
(Bertil Aldman, Sven-Olof Brattgard, and Soren Hansson)

DATE: October 1974 PROJECT NO.: CA-06-0098

KEYWORDS:

1. Emergency Vehicles and Services 4. Hydraulics, Lifts

2. Handicapped, Transportation 5. Ramps

3. Human Factors, Safety 6. Safety, Transportation

Special Transportation Services (STS) is a form of transportation in

Sweden which provides for persons who cannot, or have difficulty using
existing public transportation. Special Service Vehicles (SSV) are

designed or modified to accomodate wheelchairs, and are driven by

personnel who pick up the handicapped person at home or work. This
report deals with the safety factors during movement into and out of
the SSV. Itsintent is to lay a foundation for increased safety from
personal injury. Attention is placed upon the risks involved for wheel-
chair users who use a ramp as compared to those who use a hydraulic lift.

The ramp has proven to be relatively easy to handle in moving these
passengers into and out of the SSV. In most cases, the hydraulic lift
is the most comfortable way to enter and exit the vehicle. However,
most lifts do not have security rails, which increases the risk of
falling off the platform. Manual lifting of the passenger and of the
wheelchair creates additional risks of personal injury to both the
passenger and the assistance personnel; therefore, this method is not
analyzed in this study, in order to evaluate the risks involved in
modern transportation service systems and to gain an understanding of
how to increase the security for handicapped persons moving in and out
of an SSV, a study was conducted at the University of Goteborg investi-
gating actual events in a transportation service situation. Problems
were discussed with passengers and service personnel and experiments
were performed with ramps and hydraulic lifts. The major results of the
study are that both ramps and lifts can be designed so as to provide
adequate safety. Ramps more than 78' 7" are difficult to use and can
therefore only be used for vehicles with low floor heights of approxi-
mately 23'6" or lower. Ramps with a width of less than 39' 4" should be
provided with drive-off barriers having a minimum height of 5 '9". The
lift platform should have an area of 35 '4" X 63" in order to allow for
both the wheelchair user and an assistant.

This report contains Appendices 1 and 2: Specifications of Eight Differ-

. ent Wheelchairs and Tables Describing Components from the Primary Experi-
ment , respectively, and a Bibliography. An earlier study: Safety During
Special Transportation Service Trips, Vol.1: Trips With the Special Serv-
ice Vehicle , reported on the technical prerequisites that increase per-
sonal safety during trips in the SSV. Volume I is not available from
NTIS at this time.

NTIS ORDER NO.: PB 289-132T/AS PRICE: A05
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TITLE: DEVELOPMENT OF A SAFETY PROGRAM PLAN FOR THE OFFICE OF
SAFETY AND PRODUCT QUALIFICATION - VOLUME I

VOLUME 11 - APPENDIX D

AUTHOR: University of Southern California/
Institute of Safety and Systems Management
(G.P. Jones, et al) .

DATE: September 1977 PROJECT NO.: CA-06-0105

KEYWORDS:
~~ "

_
1. Abstracts, Safety 5. Information Aids
2. Safety 6. Guides and Guidance
3. Research Activities
4. Accidents

The Institute of Safety and System Management of the University
of Southern California under a grant from the Urban Mass Trans-
portation Administration of the U.S. Department of Transportation
undertook a four month development of information to be used in

the development of a Safety Program Plan for the Office of
Safety and Product Qualification (OSPQ). This report contains
the results of the research project to develop information for
the development of a Safety Plan for OSPQ. The purpose of the
project was to identify and describe the critical safety issues
which should be included in the Plan.

Six Key Objectives were developed from a review of legislative
acts, administrative directives, past and present programs,
goals of UMTA, and recommendations of associated agencies. The
Six interrelated Key Objectives are the following: Decrease
Accident Rates*, Eliminate Catastrophic Accident Conditions;

Prevent "Unsafe" Conditions; Assure Use of "Best" Technology;
Accomplish Objectives in a Cost-Effective Manner; and Determine
and Correct "Unsafe" Conditions. In addition, twenty-nine

Critical Objectives and over ninety Specific Objectives were
developed. This report recommends sixteen specific programs

for top priority consideration.

The Appendixes in this report contain data from five sources:

Federal Railroad Administration, Bureau of Motor Carrier Safety,

National Highway Traffic Safety Administration, American Public

Transit Association, and UMTA. The Appendixes are as follows:

Accident Data Base Forms; Data and Statistics; References; and

On-Going Research by Mitigation Type (This latter is Appendix D,

a separate report and Volume II of this study). Volume II -

Appendix D contains 202 abstracts of reports cross-referenced

to the major hazard areas In urbanjnass safety. _

NTIS ORDER NO.: PB 279-331/AS Vol.1 PRICE: All

PB 279-332/AS Vol.11 All
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TITLE: STUDY OF FLYWHEEL ENERGY STORAGE
VOLUME 1 : EXECUTIVE SUMMARY
Final Report

AUTHOR: Ai Research Manufacturing Company
(L.J. Lawson, A.K. Smith, and G.D. Davis)

DATE: September 1977 PROJECT NO.: CA-06-0106

KEYWORDS: 1. Brakes and Braking, 5. Propulsion Systems, Diesel

2.
Regenerative 6. Propulsion Systems, Electric

Bus 7. Propulsion Systems, Flywheel
3. Energy Storage 8. Flywheels
4. Life- Cycle Costing 9. Trolleys

In 1976, the Urban Mass Transportation Administration of the U.S.

Department of Transportation established the present program-
Study of Flywheel Energy Storage--to determine the practicality
and viability of flywheel propulsion systems for urban mass transit
vehicles. This study is .based on the use of present state-of-the-art
technology that could be demonstrated within 24 months in full-scale
urban transit vehicles.

The overall objectives addressed in this Phase I study are:

1) Develop new transit vehicle propulsion system alternatives;

2) Establish the economic viability of new propulsion systems in

comparison with present vehicles using life-cycle cost analyses;
and 3) Plan a comprehensive' program leading to full implementation
of new propulsion concepts in production vehicles. This study has
shown the viability of flywheel -propel led buses and recommends that
the Phase II program leading to the development of prototype flywheel-
propelled vehicles be promptly initiated.

This report. Volume 1 of Phase I, presents the summary of the results
of the Study of Flywheel Energy Storage. Plans that have been formu-
lated for Phase II system design, fabrication, test, and evaluation
program are Included. Charts and tables herein illustrate transit
user requirements, concept development, design studies, life-cycle

'

costs, and Phase II plans. Conclusions, recommendations, and

references are also furnished.

Phase I of this flywheel study is presented In five separate volumes,
respectively: "Executive Summary" (PB 282-652 ); "Systems Analysis"
(PB 282-653 ); "System Mechanization" (PB

282-6-54
). "Life-Cycle Costs"

(PB 282-655 ); and "Vehicle Tests" (PB 282-656
),

NTIS ORDER NO .: PB 282-652/AS PRICE: A06
PB 282-651-SET OF 5 E14
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TITLE: STUDY OF FLYWHEEL ENERGY STORAGE
VOLUME 2: SYSTEMS ANALYSIS
Final Report

AUTHOR: Ai Research Manufacturing Company
(L»J. Lawson, A,K. Smith, and 6,0. Davis)

DATE: September 197: PROJECT NO.: CA-06-0106

KEYWORDS: 1. Brakes and Braking, 5. Life-Cycle Costing

2.

Regenerative 6. Propulsion Systems, Diesel
Bus 7. Propulsion Systems, Electric

3. Energy Storage 8. Propulsion Systems, Flywheel
4. Flywheels 9, Trolleys

In 1976, the Urban Mass Transportation Administration of the U.S.

Department of Transportation established the present program—Study
of Flywheel Energy Storage—to determine the practicality and
viability of flywheel propulsion systems for urban mass transit
vehicles. This study is based on the use of present state-of-the-
art technology that could be demonstrated within 24 months in

full-scale urban transit vehicles.

The overall objectives addressed in this Phase I study are:

1) Develop new transit vehicle propulsion system alternatives;
2) Establish the economic viability of new propulsion systems in

comparison with present vehicles using life-cycle cost analyses;
and 3) Plan a comprehensive' program leading to full implementation
of new propulsion concepts in production vehicles. This study has

shown the viability of flywheel-propelled buses and recoimends that
the Phase II program leading to the development of prototype
flywheel -propel led vehicles be promptly initiated.

This requirements study report, Volume 2 of Phase I, reviews,

identifies, and definitizes the requirements for improved rubber-

tired urban transit vehicles. It Includes the quantification of

three baseline vehicles: a 40-foot diesel bus, a trolley coach, and

a battery bus. Eleven transit properties were visited to determine
'

their requirements for rubber-tired transit vehicles over the next

two decades; this transit property survey is contained herein.

Phase I of this flywheel study Is presented in five separate volumes,

respectively: "Executive Summary" (PB 282-652); "Systems Analysis"

(PB 282-653); "System Mechanization" (PB 282-654); "Life-Cycle Costs"

(PB 282-655); and "Vehicle Tests" (PB 282-656).

NTIS ORDER NO. : PB 282-653/AS
PB 282-651-SET OF 5

PRICE: All

E14



TITLE: STUDY OF FLYWHEEL ENERGY STORAGE

VOLUME 3: SYSTEM MECHANIZATION

Final Report

AUTHOR: Ai Research Manufacturing Company

(L.J. Lawson, A.K. Smith, and G.D. Davis)

DATE: September 1977 PROJECT NO.: CA-06-0106

KEYWORDS: i. Brakes and Braking
Regenerative

2. Bus

3. Energy Storage
4. Flywheels

5. Life-Cycle Costing

6. Propulsion Systems, Diesel

7. Propulsion Systems, Electric

8. Propulsion Systems, Flywheel

9. Trolleys

In 1976, the Urban Mass Transportation Administration of the U.S.
Department of Transportation established the present program--
Study of Flywheel Energy Storage-- to determine the practicality and
viability of flywheel propulsion systems for urban mass transit
vehicles. This study is ^based on the use of present state-of-the-
art technology that could be demonstrated within 24 months in

full-scale urban transit vehicles.

The overall objectives addressed in this Phase I study are:

1) Develop new transit vehicle propulsion system alternatives;
2) Establish the economic viability of new propulsion systems
in comparison with present vehicles using life-cycle cost analyses;
and 3) Plan a comprehensive program leading to full implementation
of new propulsion concepts in production vehicles. This study has

shown the viability of flywheel -propel led buses and reconmends that
the Phase II program leading to the development of prototype
flywheel -propel led vehicles be promptly initiated.

Volume 3 of this Phase I study describes the results of the system
mechanization for the four flywheel propulsion configurations that
scored highest in the screening (Volume 2): Pure flywheel drive;
Flywheel /battery hybrid drive; Flywheel/diesel engine hybrid drive;
and Flywheel -augmented trolley coach drive. This report states

that a family of transit buses configured with these four propulsion
systems could provide the types and quality of service required for

at least 95 percent of the urban transit routes in the United States.

Charts, figures, and tables are furnished in this report. The
Appendixes are: Flat Disc Stress Calculations; Containment Ring

Detail Calculations; Tie Bolt Sizing and Stress Calculations; and

Bearing Analysis: Tapered Roller Bearing.

Phase I of this flywheel study is presented in five separate volumes,

respectively: "Executive Summary" (PB 282-652); "Systems Analysis"

(PB 282-65^; "System Mechanization" (PB 282-654^); "Life-Cycle Costs"

(PB 282-655 ); and "Vehicle Tests" (PB 282-656 ).

NTIS ORDER NO.: PB 282-654/AS PRICE: A08

PB 282-651-SET OF 5 E14
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Final Report
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(L.J. Lawson, A.K. Smith, and G.D. Davis)

DATE: September 1977 PROJECT NO.: CA-06-0106

KEYWORDS: i. Brakes and Braking 5. Life-Cycle Costing
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In 1976, the Urban Mass Transportation Administration of the U.S.
Department of Transportation established the present program—Study
of Flywheel Energy Storage—to determine the practicality and
viability of flywheel propulsion systems for urban mass transit
vehicles. This study is based on the use of present state-of-the-
art technology that could be demonstrated within 24 months in

full-scale urban transit vehicles.

The overall objectives addressed in this Phase I study are:

1) Develop new transit vehicle propulsion system alternatives;
2) Establish the economic viability of new propulsion systems in
comparison with present vehicles using life-cycle cost analyses;
and 3) Plan a comprehensive program leading to full implementation
of new propulsion concepts in production vehicles. This study has
shown the viability of flywheel -propel led buses and reconmends that
the Phase II program leading to the development of prototype
flywheel -propel led vehicles be promptly initiated.

This report. Volume 4 of Phase I, describes life-cycle cost analyses
for the baseline vehicles and flywheel-equipped vehicles. The
methodology and basis for the analyses are described, costs elements
are developed, vehicle life-cycle costs are compared, and sensitivity
studies are presented. Based on these cost analyses, conclusions
and recommendations are made. Charts, figures, tables, and references
are furnished. The Appendix is: UMTA SDC 103-0 STANDARD BUS LIFE-CYCLE
COSTING METHODOLOGY AND COST OF THREE BASELINE VEHICLES.

Phase I of this flywheel study is presented in five separate volumes,

respectively: "Executive Summary" (PB 282-652); "Systems Analysis"
(PB 282-653); "System Mechanization" (PB 282-654 ); "Life-Cycle Costs"

(PB 282-655); and "Vehicle Tests" (PB 282-656 ).

PRICE: A06
E14

NTIS ORDER NO. : PB 282-655/AS
PB 282-651 -SET OF 5
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TITLE: STUDY OF FLYWHEEL ENERGY STORAGE
VOLUME 5: VEHICLE TESTS

Final Report

AUTHOR: AiResearch Manufacturing Company
(L.J. Lawson, A.K. Smith, and 6.D. Davis)

DATE: September 1977 PROJECT NO.: CA-06-0106

In 1976, the Urban Mass Transportation Administration of the U.S.
Department of Transportation established the present program-
Study of Flywheel Energy Storage—to determine the practicality
and viability of flywheel propulsion systems for urban mass transit
vehicles. This study is based on the use of present state-of-the-
art technology that could be demonstrated within 24 months in
full-scale urban transit vehicles.

The overall objectives addressed in this Phase I study are:

1) Develop new transit vehicle propulsion system alternatives;
2) Establish the economic viability of new propulsion systems in

comparison with present vehicles using life-cycle cost analyses;
and 3) Plan a comprehensive program leading to full implementation
of new propulsion concepts in production vehicles. This study has

shown the viability of flywheel -propel led buses and recoiraTiends that
the Phase II program leading to the development of prototype
flywheel -propel led vehicles be promptly initiated.

This report. Volume 5 of Phase I, presents the test results regarding
fuel and energy consumption of baseline vehicles operating over typical

transit routes. Tests were performed on a new 40- foot diesel bus under

controlled conditions and on a San Francisco Municipal Railway trolley
coach; test data from the 20-vehicle M.A.N. Electrobus demonstration,
program in Germany are provided for use in the substantiation of the

battery bus performance model. Details of the tests, test data, and

other test results are included in Appendixes A, B, and C.

Phase I of this flywheel study is presented in five separate volumes,

respectively: "Executive Summary" (PB 282-652
); "Systems Analysis"

(PB 282-653 ); "System Mechanization" (PB 282-654 ); "Life-Cycle Costs"
(PB 282-655 ); and "Vehicle Tests" (PB 282-656 ).

KEYWORDS:
1. Brakes and Braking

Regenerative
5. Life-Cycle Costing
6. Propulsion Systems, Diesel
7. Propulsion Systems, Electric
8. Propulsion Systems, Flywheel
9. Trolleys

2. Bus
3. Energy Storage
4. Flywheels
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In November 1977, the Service and Methods Demonstration Office
of the Urban Mass Transportation Administration sponsored a

"Symposium on Community Development and Passenger Transportation"
in Washington, D.C. The objective of the symposium was to

exchange information among local multi-purpose project operators
and federal program managers interested in improving passenger
transportation and conmunity development.

This report is a compilation of material that was presented
at the symposium and contains summaries of remarks presented
at one plenary session and four workshops. Discussion topics
include the joint economic development of land uses and trans-
portation facilities; non-work trip purposes and multi-use
community development; community development planning and site
selection for transportation benefits; and uses of passenger
transportation for comnunity resource managonent. Viewpoints
on the relationship between community development and passenger
transportation are presented by major Federal programs dealing
with community development, and illustrated with significant
Federal demonstrations. Major agency presentations include the
following: New Communities Administration, and Office of Policy,
Development and Research, Department of Housing and Urban
Development; National Park Service, Department of Interior, and

the Urban Mass Transportation Administration, U.S. Department
of Transportation; among others.

This report also contains a symposium program and a list of

participants.

NTIS NO: PB "284- 798/AS PRICE: A07

- 13 -



TITLE: A STUDY OF MINORITY BUSINESS PARTICIPATION IN THE URBAN
MASS TRANSPORTATION INDUSTRY
Volume I - Analysis of Minority Business Participation

AUTHOR: One America, Inc.

DATE: July 1977 PROJECT NO.: DC-06-0146

KEYWORDS:

1. Minorities
2. Contracting
3. Urban Mass Transit
4. Survey

Since it was officially established in 1970, UMTA's Office of Civil
Rights (UCR) has mounted a .concerted effort to develop, implement,
and monitor a viable Minority Business Enterprises (MBE) Affirmative
Action Program that directly relates to UMTA (internal programs) and
grantees (external programs). This study focuses primarily on
UMTA's external programs.

The UCR commissioned this 3-volumed study to establish a data base
on the current level of MBE participation in the planning, develop-
ment, and implementation of transit systems and to recommend changes
in enforcement strategies in order to substantially increase MBE
participation.

The purpose of this report, Volume I, was to examine the participation
by and opportunities for MBE in the urban mass transportation industry.
A national survey was conducted and the UMTA Minority Business Enterprise
Information Sheet (Appendix A) was developed and distributed to twenty-one
transit properties selected by UCR (Table 1). The survey revealed that
participation by minority businesses in the urban mass transit industry
is minimal. In 1976, 18 properties awarded minority firms less than
one percent of contracts valued at $275 million. This study examined
transit properties' procurement activities from 1974-76, affirmative
action plans, and UMTA documents. The study recommends that UCR which
monitors transit property minority business programs establish more
stringent requirements of grantees, require proposed annual and quarterly
transit property reports, institute a priority monitoring system, and
take measures to more closely link the minority business program with
the UMTA grant funding system.

Other volumes available at NTIS include: Volume II-Developing
Successful Minority Business Enterprise Programs for Public Transit
Properties: A Manual (PB 274-774), and Volume Ill-Public Transit
Contracting Opportunities: A Manual (PB Z74-77G). Volume IV-Minority
Business Capabilities - Data Bank is cop'puteri zed and is available
from UCR upon written request.

NTIS ORDER NO. : PS 274-773/AS
PB 274-772-SET OF 3

PRICE: A06
A21
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Since it was officially established in 1970, UMTA's Office of Civil
Rights (UCR) has mounted a concerted effort to develop, implement,
and monitor a viable Minority Business Enterprises (MBE) Affirmative
Action Program that directly relates to UMTA (internal programs) and
grantees (external programs). This study focuses primarily on
UMTA's external programs.

The UCR commissioned this 3-volumed study to establish a data base
on the current level of MBE participation in the planning, develop-
ment, and implementation of transit systems and to recommend changes
in enforcement strategies in order to substantially increase MBE
participation.

This Manual, Volume II, provides guidelines for mass transit properties
on developing an effective minority business enterprise (MBE) program.
Information and recommendations are provided on the use of transit
planning and programning tools in planning the MBE program, goal
setting mechanisms, MBE subcontract requirements of prime contractors,
communications procedures, staffing needs, and recordkeeping and

monitoring methods. The Appendices are the followina: Annual
Report Form, Quarterly Report Form, Sample Bid Work Sheet, List of
MBE Liaison Officers, National Trade and Professional Associations,
and Minority Contractors and Technical Assistance Organizations.

A study of a sample of minority business programs conducted by 21

transit properties and a review of many existing affirmative action
plans indicated the need for improved programs. This Manual reflects
UCR's requirements for transit property grantees. These requirements
were instituted to implement the Revised Title VI Order issued in 1977.

Other volumes available at NTIS include: Volume I-Analysis of Minority
Business Participation (PB 274-773), and Volume Ill-Public Transit

Contracting Opportunities for Minority Business Enterprises: A Manual

(PB 274-775) . Volume IV-Minority Business Capabilities - Data Bank

is a computerized and is available from UCR upon written request.

NTIS ORDER NO.: PB 274-774/AS PRICE: A04
PB 274-772-SET OF 3 A21
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Since it was officially established in 1970, UMTA's Office of Civil

Rights (UCR) has mounted a. concerted effort to develop, implement,
and monitor a viable Minority Business Enterprises (MBE) Affirmative
Action Program that directly relates to UMTA (internal programs) and
grantees (external programs). This study focuses primarily on
UMTA's external programs.

The UCR commissioned this 3-volumed study to establish a data base
on the current level of MBE participation in the planning, develop-
ment, and implementation of transit systems and to recommend changes
in enforcement strategies in order to substantially increase MBE
participation.

This Manual, Volume III, provides information on procurement programs,
the Title VI Regulations, the contracting procedures utilized by

various transit properties, and the names and addresses of MBE
Liaison Officers by Region. This Manual also contains suggestions
for doing business with transit properties relative to the transit/
marketing contracting process. This Manual discusses such items
as the Organization for Procurement, the Procurement Process,
Technical Assistance Organizations , Marketing Techniques, Financial
Planning and Management, Bonding, and Job Performance. The ADDENDA
contains : Definition of Transit Terms; Selected Active UMTA Grants
By Amount and Purpose; Selected MBE Contract Awards; List of MBE
Liaison Officers; List of Commonly Procured Items; MBE Marketing
Check List; National Trade and Professional Associations List; and

Minority Contractors and Technical Assistance Organizations.

Other volumes available at NTIS include: Volume I-Analysis of Minority
Business Participation (PB 274-773), and Volume II-Developing Successful

Minority Business Enterprise Programs for Public Transit Properties:
A Manual (PB 274-774). Volume IV-Minority Business Capabilities - Data

Bank is computerized and is available from UCR upon written request.

NTIS ORDER NO.: PB 274-775/AS PRICE: A04
PB 274-772-SET OF 3 A21
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Shuttle Loop Transit (SLT) is a form of Automated Guideway Transit
(AGT) which has demonstrated itself in a number of deployments
throughout the country, namely, airports, recreational /amusement
parks, and similar special purpose applications. The Urban Mass
Transportation Administration (UMTA) of the U.S. Department of
Transportation has approved federal financing of demonstration
systems in four cities (Cleveland, Houston, Los Angeles, and
St. Paul) to establish the viability and desirability of this
technology in more demanding general downtown applications.

This document presents an experimental design (ExD) Plan for the
Downtown People Mover (DPM) projects planned by UMTA. This ExD
Plan is a structured evaluation approach, designed to permit the
objective assessment of the individual demonstration projects
and development of transferable evaluation conclusions. The
ExD Plan aims to provide guidance to the selected cities in pre-
paring their own detailed demonstration project evaluation work
plans. It is designed to assure the most widely applicable
results from the individual demonstration project experiences.
This ExD Plan addresses data collection, data analysis and
evaluation, and the presentation of results. This report is the
ExD Plan to be used by UMTA and the selected cities in conducting
the DPM evaluation.

NTIS ORDER NO.: PB 270-61 4/AS PRICE: A09
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This report intends to shed light on the international rail transit
car market and the firms which manufacture the equipment for it, with
emphasis on the position of the U.S. domestic segment of that market
at the present time and in the forseeable future. Long the preserve
of domestic manufacturers, the U.S. transit car market has been

penetrated successfully in recent years by Canadian, French, and
Italian carbuilders. The author purposes to discuss the circumstances
surrounding these events and to develop their implications.

This report discusses the following issues: 1) the commercial and
economic outlook of carbuilders and component suppliers; 2) government
funding of the rail passenger equipment market (worldwide); 3) the
degree of interdependence that exists among the economies of the
world, the corporations who manufacture and trade on a global scale,
and the rail industry itself; 4) the U.S. Domestic transit car market;
and 5) the implications for public policy. This report is based
principally on a series of interviews and discussions with people drawn
from the rail carbuilding industry, component supply companies, transit
authorities, railroads, trade associations, and government agencies.

Some of the conclusions drawn from this study are: 1) the principal
problems faced by U.S. carbuilders were strongly in evidence well
before the appearance of foreign competitors; 2) transit authorities
and UMTA have been faced with rising transit equipment costs and a

bid pattern which shows an alarming tendency for only one or two
(or none) U.S. firms to bid; and 3) none of the sources consulted
expect all U.S. carbuilders to disappear, but most tend to regard
a reduction in the number of carbuilders as inevitable.

NTIS ORDER NO.: PB 285-61 3/AS PRICE: A06
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This work has been sponsored by the Office of Service and Methods
Demonstration Programs of the Urban Mass Transportation Administra-
tion of the U.S. Department of Transportation. It is part of a
continuing effort by this office to document the experiences of
the transit industry in order to bring about improved transit
operations through pricing and service policy changes.

The purpose of this report is to provide a reference document
describing succinct case studies of the experience accrued by
more than 40 U.S. transit systems which have introduced fare-free
or reduced-fare services of one form or another in recent years.
The report is a useful reference document for decision makers
contemplating similar pricing policies as well as a preliminary
planning guide to the Urban Mass Transportation Administration
for the development of demonstration programs to evaluate various
transit pricing and service strategies.

Many different types of fare reductions were identified. They
are classified into five divisions: 1) systemwide fare reductions
without any restrictions; 2) fare reductions applicable to specific
geographical areas only— typically the Central Business District;

3) faW^ reductions which are operable only during limited hours—
typically the off-peak hours; 4) fare reductions subject to both
geographical and time-of-day restrictions; and 5) fare reductions
of short duration. When viewed from the limited perspective of
financial aspects of transit system operations, it does not appear
that fare reductions alone have had a favorable impact on the
overall economic conditions of transit systems.

NTIS ORDER NO.: PB 271-077/AS PRICE: AOS
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This research is supoorted by a grant from the Urban Mass Transportation
Administration (UMTA) Office of Service and Methods Demonstration of
the U.S. Department of Transportation.

This paper is one of a series from a study of forty months' operating
experience of the San Diego Transit Corporation (SDTC) bus system
between 1972 and 1975. It reflects a concern with the increasing

• deficits of transit operators as well as the diversity contained
within a single bus system such as that in San Diego. The principal
objectives of this report are: 1) to provide a brief overview
description of the bus system and of the data available for analysis;
and 2) to present initial estimates of fare and service level

elasticities for comparison with the many other estimates in common
use among transportation planners and to examine SDTC's financial
performance over this period.

Over the system as a whole, the patronage response was similar to that
which might have been expected from previous independent work. The
responses were such as to increase deficits when fares were lowered
and service levels were substantially improved. However, the greater
numbers of passengers were carried at a cost per passenger which, over
the period studied, did not incre&se in real terms. San Diego's
experience of an expanding system at an approximately constant real cost
per passenger were very unusual among transit operators in this period.
Limited disaggregation of the systemwide data into major groupings of
routes shows clearly that the systemwide analysis masks a great deal

of heterogeneity within the system. The implications for transit
planning and for further research are also discussed herein. The

Appendix contains single-equation models of demand for the San Diego
system.

Companion reports provide a detailed introduction to this study:
AN ECONOMETRIC MODEL OF BUS TRANSIT DEMAND AND SUPPLY, Working paper
5032-1-4, and THE SAN DIEGO TRANSIT STUDY DATA BASE: REFERENCE MANUAL,

(PB 275-010/AS).

NTIS ORDER NO.: PB 275-009/AS PRICE: A03
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This research is supported by a grant from the Urban Mass Transportation
Administration (UMTA) Office of Service and Methods Demonstration of
the U.S. Department of Transportation.

This reports one of a series of reports, presents descriptions of the
sources and procedures used in compiling a data set for analyzing the
impacts of changes in the service and fare policies of the San Diego
Transit Corporation (SDTC) bus system over a 40-month period between
1972-1975. The analysis aims to explore variations in the demand for
and supply of transit service across routes and months as they relate
to specific actions taken by the transit operators. This manual

describes the data items, the sources of data, the coding procedures,
and the creation of computer files. It provides a glossary of terms

and concepts adopted in creating and using the data set. The intent
of this document is twofold: 1) to serve as a supplementary reference
document to other reports of the Urban Institute's San Diego transit
study, and 2) to be a source for those who wish to familiarize
themselves with the nature and structure of the computer files.

The major source of information is a series of monthly reports, produced
by SDTC, which provide key operating statistics for the system by bus

route: ridership (broken down by fare type and method of payment),
passenger revenues, and bus miles and bus hours operated. In addition,

various statistics characterizing the level of service provided on each

route in each month have been derived from the published schedules
for the system. A detailed breakdown of operating costs was obtained

from SDTC's monthly financial reports.

The methods of coding data from these and other sources are described
in detail. A total of 160 different time series are contained in the

data set, of which about 90 are specified for a number of different

bus routes, thereby producing a total of some 3,100 variables.

Companion reports are: 1) AN ECONOMETRIC MODEL OF BUS TRANSIT DEMAND

AND SUPPLY, Working paper 5032-1-4, and 2) THE SAN DIEGO TRANSIT

CORPORATION: THE IMPACTS OF FARE AND SERVICE CHANGES ON RIDERSHIP AND

DEFICITS, 1972-1975, (PB 275-009/AS).
NTIS ORDER NO.: pg 275 olO/AS

PRICE: A05
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The Bus Technology Program was initiated by the Urban Mass Trans-
portation Administration (UMTA) in 1971 to develop a modern and

efficient motor coach for use in urban mass transit systems. This

report is the fourth of four reports submitted under Project 3

(Propulsion System Technology) of the overall Bus Technology
Program. The purpose of Project 3 is to determine which propulsion
systems are feasible for use in TRANSBUS (35 to 40-foot-long transit
motor coach) and to select systems suitable for alternative use
during the life span of this model bus. The Project 3 series of

reports covers the following topics: 1) State-of-the-Art; 2)
Propulsion Requirements; 3) Alternate Power Plant Installations;
and 4) Advanced and Innovative Propulsion Concepts.

This report presents an investigation of gas turbine engine application
in transit coaches that was conducted as part of the Transbus program
to determine the viability of the gas turbine engine as a potential
power source for transit coaches. The state of development of the
gas turbine engine as a vehicular power source is described. An
in-depth survey and evaluation was conducted of gas turbine engine
manufacturers to determine the suitability of these engines for
installation in transit coaches. Only one product is developed to

a state where volume production can be seriously considered.

The gas turbine engine is described in detail and a comprehensive
cost/benefit analysis was performed of this engine installed in a

contemporary transit coach fleet. The results of the analysis and

evaluation indicate that while current engines are not economically
justifiable, the gas turbine engine is potentially superior to the
diesel engine when fully developed with planned improvements
scheduled for the near time frame. Recorrmendations are also presented
in this report to demonstrate early production turbine engines in

a small fleet of transit coaches in revenue service.

NTIS ORDER NO.: PB 272-608/AS
PRICE: AOS
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This report summarizes the engineering tests that were performed
in support of the Transbus Program implemented in 1971. The primary
objective of the Transbus- Program was to design and develop
prototypes of a new generation of coaches. This program was sponsored
by the Urban Mass Transportation Administration (UMTA); Booz, Allen
and Hamilton Inc. was the prime contractor, responsible for the
design, development, test, demonstration, and evaluation of the new
prototype. Subcontractors assisted with the engineering tests and
the American Public Transit Association assisted in the evaluations.
Design documentation is available through the Transportation Systems
Center in Cambridge, Massachusetts.

Transbus prototypes built by three manufacturers (AM General, General
Motors, and Rohr Industries) were subjected to a series of tests. The
objectives of the engineering tests were to obtain evaluation data
to determine the degree of compliance with the Transbus specification,
to assess the design improvements over current production buses, to

identify product improvements required for production designs, and

to provide overall technical assessments of the designs for a

government decision regarding a production phase for Transbus. This
report presents an overview of the entire test program--the test
articles, procedures and facilities used for the development tests,
acceptance tests, and independent engineering tests. It also
presents a surmiary of the data obtained in each individual portion
of the testing program. This report contains numerous charts/figures
illustrating such tests as development tests, components supplier

tests, acceptance tests, brake tests, durability tests and others.

The engineering tests described in this report began in November 1972
and were completed in March 1975. The basis for the tests were the

requirements and rationale delineated in the "Transbus Engineering

Test Plan," Booz, Allen Report TR-73-003, February 1973 (report

is available from Booz, Allen & Hamilton Inc.).

NTIS ORDER NO.: PB 276-196/AS PRICE: A13
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Transbus is a new urban transit bus design which was developed
during a 5-year, 28-million dollar R&D program sponsored by the
Urban Mass Transportation Administration. This report assesses
the impact that the introduction of Transbus would have on motor
coach operations in the United States. Information from the
Transbus demonstration and engineering test programs which
involved the use of nine prototype Transbus coaches is analyzed
in this report, along with substantial background information
on U.S. transit operations.

The assessment of the operational impact of replacing the current
bus fleet with Transbuses indicates that a significant opportunity
exists for improving schedule dependability, increasing route
coverage or improving driver productivity. Because of the reduced
capacity of Transbus, total fleet size requirements will increase
by two percent. Passenger and public impacts of Transbus intro-
duction are shown to be very positive, especially in the areas of
safety, comfort, aesthetics/image, and the accomodation of the
elderly and handicapped. Ridership increases of up to ten percent
are projected. Total operating costs are projected to increase
by one percent on a life-cycle basis. Production costs for
Transbus are projected to be about 12.5 percent greater than the
current production bus.

Appendices include a discussion of the history of transit bus
design innovation and detailed supporting materials related to
operating cost projections.

NTIS ORDER NO.: PB 269-911 /AS PRICE: A06
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The Urban Mass Transportation Administration of the U.S. Department
of Transportation initiated the Bus Technology Program in 1971 to
develop a modern and efficient motor coach for use in urban mass
transit systems. This document is the third of four reports submitted
under Project 3--Propulsion System Technology-- of the overall Bus
Technology Program. The purpose of Project 3 is to determine which
propulsion systems are feasible for use in TRANSBUS and to select
systems suitable for alternative use during the life span of this
model bus. Another Project 3 report available at NTIS is GAS TURBINE
ENGINE APPLICATION IN TRANSIT COACHES (PB 272-608).

This report describes the survey and evaluation that was made of U.S.

heavy-duty automotive engine manufacturers who could offer engines
to power TRANSBUS during its production life which is expected to run
to the 1990' s, TRANSBUS is the heavy-duty, 35- to 40-foot long transit
coach developed under this contract, and it incorporates the best
available technology for improvement of mass transit transportation
in urban U.S.A. Installation characteristics of the most suitable
engines for each of the three TRANSBUS prototype coaches (constructed
by AM General, General Motors, and Rohr Industries) are presented
herein. Listed and illustrated in this report are: 1) the engine
compartments of the three prototype TRANSBUS designs; 2) the candidate
engines; and 3) the candidate engines fitted into the three prototypes.

The results presented herein show that two engine types, the 4-cycle
diesel engine and the gas turbine engine, may challenge the Detroit
Diesel 2-cycle diesel engine for the transit coach market. The report

states that: 1) power plants in transit coaches, namely TRANSBUS, will

not differ appreciably in the next decade; 2) the diesel engine will

not be replaced but modified; 3) only the Detroit Diesel 92-series and

the Cummins V-903 engines are likely to challenge the Detroit Diesel

71-series engine for the large transit coach market; 4) only one gas

turbine engine was identified as a possible alternative to the diesel--

the Allison GT-404; and 5) the future of the gas turbine engine in

transit coaches has not been determined.
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The Bus Technology Program was initiated by the Urban Mass Trans-
portation Administration of the U.S. Department of Transportation
in 1971 to develop a modern and efficient motor coach for use
in urban mass transit systems.

This is the second of four reports prepared under Project 3

—

Propulsion System Technology---of the overall Bus Technology
Program. The purpose of Project 3 is to determine which propul-
sion systems are feasible for use in TRANSBUS and to select
systems suitable for alternative use during the life span of this
model bus.

The objective of this report is to furnish a rational basis and
numerical procedure for assessing the power plant requirements
of TRANSBUS, an advanced technology 40- foot urban transit motor
coach. In this report, power requirements for propulsion and

accessory service of TRANSBUS are evaluated. Performance goals

and specifications for TRANSBUS are reviewed, and those that
influence the power requirements are identified. A range of
vehicular and operational factors appropriate to the transit
coach is considered. Using these factors, a likely model is

assumed and its power requirements computed. The assumed parameters
are varied within a reasonable range of values. These charts
may be used to refine the power estimate as more complete data
become available for selected vehicle components. Sensitivity of
power requirements to each of the significant factors is analyzed
in a series of charts. Typical power requirements on representative
operating profile segments are also presented. The charts provide
a frame of reference for the evaluation of the TRANSBUS prototype
vehicle performance and for the consideration of alternative and
advanced power plants. This report concludes that the estimated
minimum power requirements for the standard specification TRANSBUS
is 264 horsepower. This is compatible with the industry standard
V-8 engine.

Other Project 3 reports are: "Transit Bus Propulsion Systems:

State of the Art" (PB 226-871); "Alternate Power Plant
Installations" (PB 276-612); and "Gas Turbine Engine Application
in Transit Installations" (PB 272-608).
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The Department of Transportation, through its congestion-pricing
projects, is seeking means- of reducing vehicular traffic congestion
in urban areas. A time-calibrated, self-cancelling ticket is proposed
as one means of control. In concept, it would be a disposable self-
contained, or card-like package, with a built-in clock system, which,
at a predetermined time after activation by the user, would measure
a predetermined time period and indicate expiration by a color change.
This ticket, purchased by the driver and affixed to a vehicle, would
provide a time-limit identification system to control road and highway
use, as well as on-street and off-street parking. In effect, it
would provide a means of implementing road-pricing strategies designed
to improve transit efficiency by reducing urban travel congestion.
The objective of this study was to develop a practical, reliable,
safe, easily produced ticket for the intended purpose, taking into
account previous knowledge, as well as author inputs. The ticket
would be required to operate over a temperature range of 0 to 150®F.
for periods of 2, 4, or 10 hours. Several chemical mechanisms for
timekeeping are investigated briefly; however, emphasis is on devel-
opment of a preferred electrochemical approach.

Although different timekeeping mechanisms are possible and the physical
appearance of a ticket may vary, a time-calibrated, self-cancelling
ticket can be considered as having four parts: the signal which indi-
cates activation; the chemical time-clock which determines the specified
time period for the ticket; the signal or display which communicates
the expiration; and the substrate which supports the clock and gives
the ticket its form. The parts may be dependent upon each other for
the effect, or they may be partially dependent or independent, but
all must be ultimately considered together in order to develop a

ticket having the desired characteristics of time reproducibility,
reliability, safety, low cost, and stability. This study addresses
functional parts of the ticket, criteria, proposed routes of develop-
ment, chemical and electrochemical development, and suggestions for
future development. Although the ticket is still in the experimental
stage, it meets most of the objectives set forth in this program.
However, advancement in design is needed. Relaxed criteria for ticket
operation would simplify and accelerate this development. Appendices
A and B in the report are: A Listing of References and A Summary of
U.S. Patents , respectively.
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This report is part of a series that assesses the technology and

development of Accelerating Moving Walkway Systems (AMWS). The system
resembles conventional constant speed escalators and moving walks, but
has the capacity to accelerate pedestrians to 4 to 5 times the conven-
tional system speed through changing treadway configuration. The pur-
pose of this assessment is to determine the current status of develop-
ment of AMWS technology, to establish potential candidates for a public
demonstration, to fix definitive cost and operational data, and to
establish user acceptability and safety. The objective is to produce
a system which will operate with a line speed of twice the speed of
walking and which will provide a time and human saving advantage to

extend the effective moving way system range. This report includes a

brief history of moving way system development and summarizes the
available information necessary to describe and assess the systems of
five AMWS developers which are currently at, or near, the hardware
prototype stage of development and testing. They are the Speedaway
System by Dunlop; the Trax System by the Regie Autonome de Transports
Pari si ens; the Applied Physics Laboratory System by Johns Hopkins
University; the Boeing System by the Boeing Corporation; and the Dean
System by the Dean Research Corporation.

The systems considered in this study vary in their dimensional environs,
thus affecting their adaptability to site applications. Two of the

systems are bi-directional loops using a treadway of intermeshing pal-
lets, and the remaining three systems are uni-di recti onal , using tread-
ways composed of either laterally moving pallets, intermeshing leaves,
or abutting rollers. Handrails are developed for only two systems.
One employs multiple conventional handrails in series, and the other
utilizes moving variable speed handgrips. Furnishing and installation
costs of the systems are relatively high, but their mechanical simplic-
ity results in comparatively low operating expenses and energy use.

Initial user tests show generally favorable acceptance, but some per-
formance modifications may be necessary to meet the requirements of an

• unlimited public use demonstration. A review of AMWS safety and human
factors indicate that the systems can operate at levels of safety
acceptable to the public, providing that a specific safety program is

followed. Contained in this report is the Appendix: Reference Biblio-
graphy and Chronological Highlights .
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This report is part of a series that assesses the technology and devel-
opment of Accelerating Moving Walkway Systems (AMWS). The system is a
pedestrian assist device having the capability through changing tread-
way configuration to accelerate pedestrians to 4 to 5 times normal
moving way system speeds after boarding and to decelerate prior to
discharge. The purpose of this report is to identify the human factors
and safety considerations associated with the technology, and to estab-
lish as accurately as possible the probable degrees of user risk.
Several new operating characteristics will be introduced which may
influence accident experience as compared to present systems. These
characteristics are addressed within this study. A primary considera-
tion will be the acceptability of these new characteristics to the
elderly and handicapped. On the basis of limited passenger tests of
existing prototype accelerating moving walkways, the probable safety
experience with the new systems may be somewhere between that of
existing moving walks and the escalator, which generally has a higher
rate of accidents than the level walk. However, the final determina-
tion of the actual safety and acceptability of the new systems can only
be made in the context of an operational demonstration and use by the
general public. This study includes system comparisons of five AMWS
developers that are currently sufficiently advanced in terms of hard-
ware development to be considered as candidates in a general use public
demonstration. The candidates are the Dun lop Speedaway System; the
Trax System by the Regie Autonome de Transport Parisiens; the Applied
Physics Laboratory System by Johns Hopkins University; the Boeing Sys-
tem; and the Dean Research System. All of these systems have potential
hazards in common, and others have characteristics which are unique to

that specific design. As part of the AMWS project, independent opinions
from recognized experts were obtained relating to user safety. In addi-
tion, these consultants participated in an AMWS Safety Seminar sponsored
as part of the project. Their opinions and a general outline of the

seminar are included herein. Based on studies which include an over-
. view of transportation safety, identification and evaluation of possi-

ble AMWS hazards, an analysis of moving vioy accident experience on con-

ventional escalators, the reports of safety consultants, and the pro-
ceedings of the Safety Seminar, there appears to be no apriori reason

why an AMWS cannot be operated in a public demonstration mode, assuming

that a basic safety program is followed. This report contains a Biblio-

graphy;
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This report is part of a series that assesses the technology and devel-
opment of Accelerating Moving Walkway Systems (AMWS). The system is a

pedestrian assist device with the capability through changing treadway
configuration to accelerate pedestrians to 4 to 5 times the normal

entrance speeds after boarding, and to decelerate prior to discharge.
Time savings resulting from these systems make deployments over longer
distances more feasible than with conventional moving walkways. Trans-
portation technology development has concentrated largely on the longer
distance transportation demand segments, with relatively little atten-
tion given to the pedestrian trip. This report attempts to show how
AMWS offers the prospects of improving average pedestrian speeds and
trip times and reduces human energy expenditure. This would effectively
extend the pedestrian range and provide for increased urban development
opportunities now constrained by the limits of acceptable walking dis-
tance. These systems come at a time when there is recognition that
internal pedestrian movement within cities is not always convenient,
that vehicular transportation does not function well on congested
urban streets, that vehicles pollute and are energy intensive, and
that the central city is in need of improvement in its quality of life.

Effective human scale horizontal movement systems are seen as an impor-
tant means of fulfilling many of these objectives. Potential applica-
tions include a wide spectrum of possible short range passenger movement
situations, such as feeders to transit; as substitutes for automated
guideway systems, bus, or rail transit under some circumstances; as air-
port movement systems; as urban land use integrators; and as vehicle
free zone support systems. Benefits accruing from AMWS include improved
transit connections and pedestrian convenience, security and safety,
upgraded urban land use, reduced pollution and energy use, and improve-
ments in urban life. The market potential for AMWS will determine the
extent of their application and use.

This study addresses the attributes, benefit applications and costs of
five systems: Dun lop Speedaway; Trax; Applied Physics Laboratory;
Boeing; and Dean Research, Also contained herein are Appendices A-1
through A- 4: Electric Power Costs - Geographic Variations ; Summary of
Studies of the Value of Walking Time ; Comparative Transit System Con-
struction Costs ; and Office Rent Differentials - Old and New Buildings ,

respectively, and a Bibliography.
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This report is part of a series that assesses the technology and devel-
opment of Accelerating Moving Walkway Systems (AMWS). The system is a

pedestrian assist device with the capability through changing treadway
configuration to accelerate pedestrians to 4 to 5 times the normal
entrance speeds after boarding, and to decelerate prior to discharge.
Time savings resulting from these systems make deployments over longer
distances more feasible than with conventional moving walkways. AMWS
will introduce several new operating characteristics which may affect
the use and acceptance of these systems by the general public, includ-
ing the elderly and handicapped.

On April 18, 1977, a seminar devoted to the discussion of the safety
. and human factors associated with the development and public use of

AMWS was held at the New York World Trade Center. In attendance were
more than 50 persons, including representatives of the escalator and
moving walk industry, AMWS developers, human factors and safety consul-
tants, physically handicapped persons, and representatives of government
agencies participating in the AMWS program. The objective of the semi-
nar was to provide a forum for discussion on the potential problems
that might be associated with the use of this technology based on its

current state-of-the-art. The proceedings included a presentation of
films and photographic slides providing illustrative design details of
several systems under development; presentations by four consultants
dealing with various aspects of AMWS safety; and workshops in which all

seminar attendees participated. According to Mr. John J. Fruin, the
AMWS Project Director, there are four systems advanced sufficiently
beyond the concept stage for consideration in a public demonstration
program: Dun lop Speedaway; Trax by the Paris Transport Authority;
Applied Physics Laboratory by Johns Hopkins University; and the Boeing

System. These systems are discussed in this report. The meetings
closed with the understanding that most of the raised problems or

questions can be solved, provided that sufficient efforts are devoted

to their study. It was agreed that the proposed demonstration project
would be a valuable asset to the development of an acceptable AMWS

research program. Appendices 1 and 2 in this report are: The Confer-

ence Program and List of Conference Attendees , respectively.
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This report contains the interim findings of an assessment of the Auto-
matically Controlled Transportation (ACT) System for passenger transport
in the Fairlane Town Center at Dearborn, Michigan. The Ford Motor Com-

pany is responsible for the design, fabrication, installation, testing,
and operation of this Automated Guideway Transit (AGT) system. SRI

International conducted the assessment as part of a program sponsored
by the Urban Mass Transportation Administration, and is under contract
to assess the systems at Sea-Tac International Airport, Fairlane Town
Center, Tampa International Airport, Houston Intercontinental Airport,
Walt Disney World, and King's Dominion Amusement Park. The purpose
of the site reports is to provide a uniformly documented presentation
of AGT installations for UMTA's AGT Socio-Economic Research Program,
and to gain an in-depth understanding of the performance, capabilities,
and limitations of existing domestic and foreign AGT systems. In

assessing these sites, the overall objectives are to: 1) obtain factual
engineering and operational data; 2) obtain descriptive economic,
system performance, and user perception data; and 3) review the design,
development, and implementation process. The findings are intended to
establish the state of the art of AGT systems for ultimate use in plan-
ning, evaluating, producing, and deploying. This report addresses the
method of approach used in the Fairlane assessment; the engineering
systems description and assessment; operation, maintenance and relia-
bility, and passenger-oriented system performance; systems economics;
and the development history of the system.

The Fairlane system is a two-car bypass shuttle operating on an elevated
guideway which connects a large shopping center with a hotel situated
one-quarter mile across the center parking lot. The system has only
recently passed the development stage, during which many design changes
and related failures occurred. For this reason, some of the operating
costs and related maintenance and reliability data will not be repre-
sentative of a more mature deployment. Most of the system's design is

excellent. A public attitude survey indicated that the passengers find
it comfortable, safe, and enjoyable. However, because the owner, manu-
facturer, and operator are all part of the same company, comparisons
with other AGT deployments are probably inappropriate. This report
includes Appendices A through E: AGT Assessment Measures ; Methods of
Cost Estimating and Analysis ; Chronology of Events ; Major Participants ;

and Public Attitude Survey Questionnaire , respectively, and also a

Listing of References.
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SRI International conducted this assessment as part of an assess-
ment program sponsored by the Urban Mass Transportation Adminis-
tration of the U.S. Department of Transportation. The purpose of
the program is to establish the state-of-the-art of Automated
Guideway Transit (AGT) systems for ultimate use in planning,
evaluating, producing, and deploying future systems, as well as
to provide a uniformly documented presentation of AGT installations
for UMTA's AGT program.

This site report is the second in a series of six assessment
reports. SRI is under contract to assess the systems at Seattle-
Tacoma International Airport, Fairlane Town Center, Tampa Inter-
national Airport, Houston Intercontinental Airport, Walt Disney
World, and King's Dominion Amusement Park. In assessing systems
at these sites, the overall objectives are: to obtain descriptive
economic, system performance, and user perception data; to obtain
factual engineering and operational data; and to review the design,
development, and implementation process.

This report contains the findings of an assessment of the Tampa
International Passenger Shuttle System (PSS), an elevated, automated
AGT system that provides passenger transit service between a

landside terminal and remotely located airside terminals at the
airport. The information and data presented herein were collected
by the authors through surveys of technical literature; formal

site visits; interviews with operators, management, and engineering
personnel; and a visit to the system manufacturer (Westinghouse).

The PSS at Tampa has been in successful operation since 1971. The
reliability of the system has reached a steady state, and the

performance of the system meets the requirements and expectations

of the airport operators. Another report is "Assessment of the

Satellite Transit System at the Seattle-Tacoma International

Airport" (PB 281-820).
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SRI International conducted this assessment as part of an assess-
ment program sponsored by the Urban Mass Transportation Adminis-
tration of the U.S. Department of Transportation, The purpose of
the program is to gain an in-depth understanding of the performance,
capabilities, and limitations of the existing domestic and foreign
Automated Guideway Transit (AGT) systems.

This site report is the first in a series of six assessment reports.
SRI is under contract to assess the systems at Sea ttle-Ta coma Inter-
national Airport (Sea-Tac), Fairlane Town Center, Tampa International
Airport, Houston Intercontinental Airport, Walt Disney World, and

King's Dominion Amusement Park. In assessing systems at these sites,
the overall objectives are to: obtain factual engineering and opera-
tional data; obtain descriptive economic, system performance, and

user perception data; and review the design, development, and
implementation process. The findings are intended to establish
the state-of-the-art of AGT systems for ultimate use in planning,
evaluating, producing, and deploying future AGT systems.

This final report describes and assesses the Satellite Transit
System (STS), an exclusively underground AGT system of the shuttle
loop transit class used for passenger transport at Sea-Tac. The
information and data presented herein were collected by the authors
through surveys of technical literature; formal site visits; inter-
views with operators, management, and engineering personnel; and a

visit to the system manufacturer (Westinghouse) . This site report
contains seven major sections and a comprehensive information
checklist attached as an appendix: 1) Executive Summary; 2) Back-
ground Information; 3) Technical Description; 4) System Operational
and Performance Assessment; 5) System Economics; 6) System Develop-
ment Process; and 7) Concluding Remarks. This report concludes that
the STS system has had no major problems in its four-year operating
history, and it is in a position to further expand its final design
capacity.
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This report describes the assessment of the Universal Mobility Inc.

(UMI) Automated Guideway Transit (AGT) system used for passenger trans-
port through the Lion Country Safari at King's Dominion Amusement Park
near Richmond, Virginia. The information and data presented were col-
lected by the authors through surveys of technical literature; formal
site visits; interviews with operators, management, and engineering
personnel; and a visit to the system manufacturer. SRI International
conducted the assessment, and is under contract to assess the systems at
Sea-Tac International Airport, Fairlane Town Center, Tampa International
Airport, Houston Intercontinental Airport, Walt Disney World, and King's
Dominion Amusement Park. The purpose of the site reports is to provide
a uniformly documented presentation of AGT installations for the Urban
Mass Transportation Administration's AGT Socio-Economic Program, and to
gain an in-depth understanding of the performance, capabilities, and
limitations of existing domestic and foreign systems. In assessing
these sites, the overall objectives are to: 1) obtain factual engineer-
ing and operational data; 2) obtain descriptive economic, system perfor-

'

mance, and user perception data; and 3) review the design, development,
and implementation process. The findings are intended to establish the

state of the art of AGT systems for ultimate use in planning, evaluating,
producing, and deploying future systems. This report addresses the

background of the project; the engineering system description and
assessment; the subjects of operation, maintenance and reliability, and

passenger-oriented system performance; systems economics; the development
history of the system; and a comprehensive checklist with standard AGT
assessment measurements and units attached as Appendix A.

The UMI Type II Tourister System at King's Dominion can be characterized
as having a relatively low technological level, but an overall design

that fulfills the site requirements in a reliable and economical manner.

It is an unscheduled, loop-type system that transports passengers through

an animal enclosure. Small wheelchairs, designed for children, can be

accomodated on the vehicle. The system is in a mature state of develop-

ment. However, it is less completely automated than some of the other

AGT systems assessed by SRI. A UMI representative indicated that an im-

proved door mechanism has been incorporated in their newer vehicles.

This report includes Appendices A through C: AGT Assessment Measures ;

Methods of Cost Estimating and Analysis ; and Chronology of Events ,

respectively, and a Listing of References.
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SRI International conducted this study as part of an assessment
program sponsored by the Urban Mass Transportation Administration.
The purpose of the program is to gain an in-depth understanding
of the performance, capabilities, and limitations of the AGT systems
at WALT DISNEY WORLD, Seattl e-Tacoma International Airport, Fairlane
Town Center, Tampa International Airport, Houston Intercontinental
Airport, and King's Dominion Arriusement Park, as well as to provide
a uniformly documented presentation of automated guideway transit
(AGT) installations for UMTA's AGT Socio-Economic Research Program
and for use by other research groups and interested parties.

This final report, one of six site reports, describes and assesses
the WEDway PeopleMover System, an automated guideway transit system
used for passenger transport at WALT DISNEY WORLD in Lake Buena
Vista, Florida. Information and data were collected by the authors
through surveys of technical literature; formal site visits; interviews
with operators, management, and engineering personnel; and a visit
to the system manufacturer. The WEDway system represents the state-
of-the-art in passive vehicles; it is completely passive except for

its' mechanical running gear, WEDway consists of a single 4,600-ft
closed loop with only one station. Although it carries more than
4.5 million passengers/yr, there have been no serious accidents.

The system design of WEDway has resulted in a very reliable system.
The use of a linear induction inotor as the prime mover has shown
efficiencies both in operation and maintenance. The authors state
that although the WEDway exceeds its operational requirements,
future work is necessary to explore the advantages and disadvantages
of a passive system before durability of such a system is determined.
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The objective of this report is to assess the feasibility of the

implementation of shared- ride auto transit (SRAT), which is an

innovative approach for increasing auto occupancy in rural and

urban areas. The report focuses on operational concepts,
potential usage, legal and regulatory issues, and institutional
issues. Formulation of the SRAT concept was motivated by

several concerns, such as: (1) energy conservation; (2) transit
service extension to areas unable to economically justify conven-
tional transit services, and to travel disadvantaged groups;

(3) transit service replacement to achieve greater efficiency
and to reduce transit deficits; (4) provision of inexpensive
transit service to users; and (5) the increase of safety and
reliability of hitchhiking.

Four case study sites (Boulder, Colorado; Boston, Massachusetts;
Portland, Oregon; and Tidewater, Virginia), were used to identify
the specific institutional issues likely to impact SRAT implemen-
tation for that site, and to identify the opportunities for
designing, implementing and operating SRAT in a variety of
institutional settings. The factors which might facilitate or
impede SRAT implementation vary from site to site. However, a

number of the same concerns may arise in each of the settings.

The report also includes Appendix A, which lists existing and
proposed SRAT systems, and Appendix B, which shows the derivations
of equations used in SRAT route and stop analysis.

The study recommends that SRAT can orovide sufficiently high
service levels. However, personal security, reliability, and
social acceptance will have to be met. Also, a number of
potentially serious institutional barriers to SRAT exist, but
by designing the system to reflect a site's particular insti-
tutional setting, it appears that in many instances, these
barriers can be overcome.
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This report is one of a series of reports associated with the AGT
Guideway and Station Technology Project. The objective of the
project is to develop guideway, station, and weather protection
concepts which will reduce the cost and implementation time
associated with AGT systems. This project includes a review of
existing weather protection problems and techniques used in both
AGT and non-AGT transportation mode applications, the development
and analysis of weather protection concepts, and the testing of
selected concepts. Only the review portion of the weather protec-
tion area is addressed in this report. The concept development,
analysis, and testing portions are the subject of a separate volume.

This report presents a review of the experience of AGT systems
under severe winter weather conditions as well as a review of the
experience of non-AGT transportation modes (railroads, airports,
and highways). The review material herein is a result of a

literature search and interviews with personnel at operating AGT
systems and manufacturers. This report focuses on bottom-supported,
rubber-tired vehicle AGT systems (the only type of AGT system
currently operating in a winter environment). Specifically, this
means that the survey of existing AGT weather-related operating
experiences focuses on the Ford Fairlane system, the Boeing
Morgantown system, the Westinghouse test tracks, the Vought
Airtrans system, and the Bendix Metropolitan Toronto Zoo system.
Three areas were identified as having a high potential for winter
weather problems: traction, power collection, and switching. None
of the operating AGT systems employ power and signal rail heating.
Only one of the reviewed AGT systems has experienced winter weather
switching difficulties. These difficulties are primarily attri-
buted to cold and/or ice accumulations on vehicle mounted steering
components during sustained winter operation. This report contains
a list of 130 winter weather related references. Conclusions
and recommendations for further investigation are described herein.
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This report is one of eight volumes associated with the AGT Guideway
and Station Technology Project. The project objective is to develop
guideway, station, and weather-protection concepts which will reduce
the cost and implementation time associated with AGT systems and
improve performance. The outputs are intended to aid planners,
designers, administrators, and others interested in AGT systems and
their application to specific transportation needs in urban areas.

Automated Guideway Transit (AGT) systems in the United States
comprise more than 64 km (40 mi) of guideway, over 70 passenger
stations, and nearly 700 vehicles. This report reviews the guide-
ways and stations found at 30 AGT systems and purports to establish
the existing state-of-the-art. Related conventional rail transit
stations are briefly reviewed to supplement the AGT station material.
Information presented was derived from a literature search, personal
contact with system manufacturers, operators, and personal experience.
This review summarizes the considerations in the design of AGT guide-
ways and includes discussions of vehicle interface, power distribution,
weather-related effects, structural alternatives, site- related effects,
and ride comfort. For stations, the design considerations include
station description, site relationships, and station elements. This

coverage of design considerations for both guideways and stations gives
an overview of the issues and illustrates them by examples from specific
AGT installations. The review also includes a discussion of the codes

used in the design of the structures, the construction techniques, and

the contracting methods employed for the design and construction of

existing AGT guideways and stations. Some conclusions presented herein

are: guideways- - standardized shapes offer the most cost effective

guideways; the double-tee and single- tee structures used at Morgantown

and the Toronto Zoo are consistently less costly; stati_ons- -types and

costs vary so greatly that no typical station can be defined. Other
available report is "AGT Guideway and Station Technology, Volume 2:

Weather-Protection Review," March 1978, PB 281-632.
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The Vehicle Lateral Control and Switching (VLACS) project has been
established to investigate alternative steering and switching systems
applicable to a wide variety of automated transit vehicles. The
VLACS project tests include a review of existing lateral control
and switching technology, detailed mathematical modeling analysis
and simulation, detailed hardware studies, experimentation with
alternative designs, and development of guideline specifications
for VLACS systems.

A usable life-cycle cost and weight model is available for
immediate application to AGT nominal designs and control alternatives
from these designs. The model has incorporated the design goals
delineated herein; a test case has been successfully run. This

document contains a description of the cost and weight model for
VLACS systems. The model is a life-cycle cost and weight model
which focuses on system components which vary with lateral control

option. This model is to be used to evaluate the cost and weight
of VLACS design for four classes of AGT vehicles: Shuttle Loop
Transit (SLT), Group Rapid Transit (GRT) large and small, and

Personal Rapid Transit (PRT). Numerous illustrations and tables
related to the model, its programs and subroutines, as well as a

list of references are contained herein.

This report concludes that the model has been structured to allow
for evolution to keep the model current and usable. Relative
inflation rates will be added to this model in the inmediate future,
and a test case using data for the SLT nominal design will be run
at General Research Corporation. The model will then be converted
to Otis equipment and an updated version of this report will be
prepared.

A related report is "Vehicle Lateral Control and Switching Technology,
Review Study Progress Report," March 1978 (UMTA-IT-06-01 56-78-1 )

.
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The Vehicle Lateral Control and Switching (VLACS) project has been
established to investigate -alternative steering and switching systems
applicable to a wide variety of automated transit vehicle types. This
project is part of the Automated Guideway Transit Technology (AGTT)
development program derived from the Urban Mass Transportation Adminis-
tration's experience with automated transportation systems. The objec-
tives of the project are to: 1) reduce the cost, complexity and weight,
and increase the life, reliability, maintainability, ride quality, and
switching capability of VLACS systems; 2) develop specific performance
requirements and guidelines for lateral control and switching systems
for SLT, GRT, and PRT vehicles in trained and untrained configurations;

3) develop and evaluate baseline VLACS hardware designs reflecting
project objectives; 4) provide experimental data to demonstrate capa-
bility of VLACS system and subsystem designs to meet performance
requirements including line speed switching; 5) provide a comprehensive
analytical evaluation of contact (mechanical) and non-contact (wire

follower) lateral guidance approaches; and 6) perform an assessment of
the positive retention capabilities of automatic switching systems.

The report contains descriptions of alternative VLACS technologies, a

review of mathematical modeling techniques for VLACS systems, applica-
bility of the technology to various transit vehicle classes, a summary
of the characteristics of various operational transit systems, a review

of ride quality criteria, and an annotated bibliography applicable to

the VLACS technology review. The study provides an overview of lateral

control and switching concepts which have been developed for operational

and proposed systems, and the characteristics and advantages/disadvantages
of those alternatives are discussed. From this review, promising VLACS

designs will be selected for detailed analysis, simulation, and perfor-

mance evaluation as part of the VLACS project design and analysis task.

The study concludes that from a review of vehicle lateral control litera-

ture, there is still much to learn about the control of rubber- tired

vehicles. The role of compensator design must be addressed and the trade-

off between controller complexity, cost, reliability, and performance

must be studied. Also, the work of researchers toward the application

of optimal control theory must be evaluated. Optimal control theory is

expected to plaiy its most valuable role in providing a better understanding

of the problem and in identifying limits of achievable performance.
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The Automated Guideway Transit (AGT) Socio-Economic Research
Program, initiated by. the Urban Mass Transportation Adminis-
tration (UMTA) in 1975, is a comprehensive, mul tidiscipl inary
research effort addressing the social, economic, environ-
mental, institutional, land use, and performance issues of
AGT technology in the urban environment. A major objective
of this program is to ascertain the potential market for
AGT systems in the United States.

The information contained in this report has been extracted
from the 38 proposals submitted by U.S. cities for considera-
tion in UMTA's Downtown People Mover (DPM) Project in June 1976.
These proposals address a range of socioeconomic considerations
associated with the installation of DPM systems in central
business district locations. The considerations include:
application site characteristics, system ridership, system
economics, past project planning, local funding sources,
related transportation planning activities, related central
city redevelopment activities, and environmental impacts.

This report presents a brief description of the status of
AGT technology in the U.S., a summary of the project and site
characteristics given in the DPM proposals, and individual
sumnary sheets for each city. Summaries of the systems
proposed by the 19 preliminary final candidate cities are
also presented herein. The report concludes with a descrip-
tion of the remaining candidate DPM systems. No attempt
was made to interpret the data provided by the cities or
to evaluate the analysis techniques and results reported in

the proposals.
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The major objectives of this research project were: 1) to establish
valid procedures for the selection of applicants who would have the
most potential for successful performance as bus operators in an urban
transportation authority; 2) to investigate the validity and equita-
bility of the selection procedure for applicants from all racial groups
represented in the study; and 3) to investigate the applicability of
the procedure for the five authorities which participated (the Metro-
politan Atlanta Rapid Transit Authority, the Massachusetts Bay Transpor-
tation Authority, the Chicago Transit Authority, the Cleveland Transit
System, and the Alameda- Contra Costa Transit District). Later, author-
ities who wished to use the procedure but who had not participated in

the study were included. It was not feasible to investigate the validity
of the procedure for female drivers because of the small number employed
at the time the study was initiated in 1970. Therefore, the study was
inplemented for White, Black, and Spanish-surnamed male applicants in

the participating authorities. However, a follow-up study is presently
underway to validate the test battery for female operators.

Both concurrent and predictive performance-criterion validation models
were employed, and within each model both primary and cross-validity
coefficients were calculated. The concurrent model was implemented in

the cooperating authorities with a total sample of 1,113 currently
employed White, Black and Spanish operators. The predictive model was
implemented in two of the five authorities with a sample of 356 White,
Black and Spanish applicants who were subsequently hired. The results
of the two validation models were essentially similar. Results of the

implementation of the selection equation based on the total sample in

the concurrent validation model indicate that the test battery rejects
approximately the same percentage of applicants from each of the three

racial groups.

An Appendix in the report shows a typical agenda for the two-daiy Workshop

conducted by the Industrial Relations Center of the University of Chicago

for representatives of any transit authority wishing to use the test

battery. The report concludes that evidenced by survey, recruitment prac-

tices of most participating companies placed very little, if any, empha-

sis on minorities. At present, the companies are feeling the pressure

of the past recession and now have an eligible list of people waiting to

be hired. This surplus of applicants makes this validation study more

imperative and urgent.
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The escalating cost of underground construction of urban trans-
portation systems has made transit planning, especially construction
cost estimating, difficult. This is a study of the cost of
construction of underground, rapid transit tunnels in soft ground,
and it is sponsored by the Urban Mass Transportation Administration's
Office of Rail Technology of the U.S. Department of Transportation.

Twenty- two tunnels from the San Francisco Bay Area Rapid Transit
District (BART), the Chicago Metropolitan Sanitary District, and
the Washington DC, Metropolitan Area Transit Authority (WMATA) have
been analyzed to determine what factors influence the Rate of
Advance (ROA) through the ground. A statistical study of the
factors that influence tunnel construction costs was made to determine
the magnitude of the major factors involved in construction cost.

Tunnel construction data on cost and resources expended was collected
and used to develop relations between construction ROA and physical
variables. The data is also used in an analysis of the cost impact
of institutional factors such as: availability and analysis of
geologic conditions; flexibility and quality of engineering specifi-
cations; conditions for obtaining right-of-way and construction and
entry permits; potential contractor liability; and labor agreements.
Utilization of the study results are expected to better the accuracy
of cost estimating procedures for further tunnel construction.

The Appendixes contain numerous charts, tables, and figures illustrating
such items as: Case History Data/format; Ring & Face Log Data/sheets;
Average Weekly Progress Data/keypunch forms; Systems Calculations for
estimating tunnel construction cost; Rate of Advance Calculations;
Calculations for Downtime Hours; Mexico City Tunnel Data; and
References.
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UMTA's Office of Rail Technoloy research programs are directed
toward the improvement of urban rail transportation systems safety.
This rail-transit research aims to develop an onboard, separate
and independent obstacle-detection system--Surface Electromagnetic
Wave (SEW)--so that rear-end train collisions can be avoided. The
use of SEW for communication, control, and obstacle-detection on

guided railroad systems is already underway in the United States,

United Kingdom, Japan, and Canada.

SEW have been successfully used on the surface of standard rail-

road rail and other metallic surfaces. In this report, the

preliminary investigation of the propagation properties of SEW

on rail surfaces indicates that there exist applications in

train-and-obstacle detection. The excitation efficiencies of two

types of SEW couplers (prism and grating) are measured as functions

of frequency, vertical displacement (h) of the coupler above the

rail, horizontal displacement (a) of the coupler from rail center,

pitch angle (Phi) of the coupler, roll angle (Theta) of the coupler,

and yaw angle (Psi) of the coupler. The coupling efficiencies for

both prism and grating couplers show a dependence on vertical

displacement above the rail; horizontal displacement from rail center,

pitch, roll, and yaw angles of the couplers. Measurements of

radiation patterns are also made on the two types of SEW couplers

in the area of the rail and in isolation at several microwave

frequencies. The results of radiation pattern data show that to

meet the FCC specification of 500 uV/m at 100 ft from the coupler

for 100 mW input, the couplers must be redesigned. Redesigning

Involves the use of absorbing material around the couplers to

reduce the radiating power in the non-transmitting directions which

exceeds the FCC limits. The data indicates that both the prism and

grating couplers will operate successfully on a moving track-

guided vehicle.
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The Office of Rail Technology Division of the Urban Mass Transportation
Administration (UMTA) Office of Technology Development and Deployment
is conducting programs directed towards the improvement of urban
rail transportation systems.

A General Vehicle Test System (GVTS) has been developed by the
Transportation Systems Center (TSC) to facilitate rail transit
vehicle testing at the Transportation Test Center, Pueblo, Colorado.
This system was designed to be responsive to requirements specified
in the report GENERAL VEHICLE TEST PLAN (GVTP) FOR URBAN RAIL
TRANSIT CARS (PB 251-086). The GVTS system includes instrumentation,
digital data acquisition and processing equipment and certain
special purpose measurement system.

The puroose of this manual is to describe the instrumentation system
(Part 1) of the GVTS and the standardized techniques to be employed
to ensure the acquisition of valid test data using the system. The
GVTS includes measurement systems for vehicle voltage, current,
acceleration/vibration, pressure, temperature, displacement, strain
and test reference data. Each individual measurement system is

described in detail in the Appendix of this document. This document
presents a system overview of the entire GVTS as well as a summary
of the instrumentation systems referenced to the applicable Standard
Outputs of the GVTP. It also describes signal monitor and calibration
equipment and electrical shielding and grounding techniques. Descrip-
tions of the supporting documentation file, the inventory control

system, and miscellaneous system notes are also included. References

are listed in this report.

A companion document, GENERAL VEHICLE TEST INSTRUMENTATION EVALUATION
(PB 260-598) reports the results of evaluative tests performed on
the instrumentation systems.
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Two of the major objectives of the Urban Mass Transportation
Administration Tunneling Program are to lower subway construction
costs and reduce construction hazards and damage to the environment.
This study consists of a two-volume report and aims to develop
guidelines for improved rapid transit tunneling safety and environ-
mental impact, that is, this effort is directed toward underground
construction applicable to modern transit subway systems in urban
areas

.

Volume I: Safety. Examination of construction safety regulations,
tunnel construction accident data, and features of underground
construction leading to unsafe work show that a systems approach
to safety is required. Ten guidelines were drafted to supplement
current construction safety regulations (OSHA 29CFR1926). Recom-
mendations for further study and evaluation were made to complete
the systems safety approach.

Volume II: Environmental Impact. Investigation of subway con-
struction jobs show that at least two principles underlie treatment
of environmental problems. First, planning and design should con-
sider both short-term and permanent damage to environment, and
second, a need for better comnuni cation of contractor's planned
activities and public concerns so that disruptions can be minimized.
Guidelines were developed along these principles and are grouped
into the following categories: general; community relations; and
specific environmental control techniques.
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Two of the major objectives of the Urban Mass Transportation
Administration Tunneling Program are to lower subway construction
costs and reduce construction hazards and damage to the environment.
This study consists of a two-volume report and aims to develop
guidelines for improved rapid transit tunneling safety and environ-
mental impact, that is, this effort is directed toward underground
construction applicable to modem transit subway systems in urban
areas.

Volume I: Safety. Examination of construction safety regulations,
tunnel construction accident data, and features of underground
construction leading to unsafe work show that a systems approach
to safety is required. Ten guidelines were drafted to supplement
current construction safety regulations (OSHA 29CFR1926). Recom-
mendations for further safety and evaluation were made to complete
the systems safety approach.

Volume II: Environmental Impact. Investigation of subway construc-
tion jobs shows that at least two principles underlie treatment of
environmental problems. First, planning and design should consider
both short-term and permanent damage to environment, and second, a
need for better communication of contractor's planned activities
and public concerns so that disruptions can be minimized. Guidelines
were developed along these principles and are grouped into the fol-
lowing categories: general, community relations, and specific
environmental control techniques.
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This interim report is the Test and Evaluation Plan, the second
report of a study sponsored by the Rail Technology Division of the
Urban Mass Transportation Administration under the technical manage-
ment of the Transportation Systems Center, of a study to investigate
the effectiveness of four techniques for reducing wheel /rail noise
in rapid-transit systems (resilient wheels, damped wheels, wheel
truing, and rail grinding) by implementing a testing program on the
Market- Frankford Line of the Southeastern Pennsylvania Transportation
Authority (SEPTA). The previous report covered the experimental
design portion of this study (PB 257-200). The ultimate goal of
this study is to provide sufficient information to allow a transit
system with given track and car cond.itions and budgetary constraints
to determine the mix of the available methods of control of wheel/
rail noise which will result in the greatest overall benefit.

The purpose of this interim report is to present the test and evalua-
tion plan of this study, that is, to detail the methods and equipment
that will be used to collect, manage, and reduce the data on both
acoustic performance and costs of the four noise control methods.
Included are descriptions of the locations for the noise measurements,
the schedule which has been set up for wheel and rail maintenance,
and the survey of other transit systems which will be performed to
collect information relevant to the application of the noise-control
methods.

This study is designed to provide information on both the long-term
and short-term costs and effectiveness of various noise abatement
procedures if implemented on typical urban rail systems in the United
States. This study is concerned with not only the acoustical evalua-
tion of the four noise abatement methods, but also with the costs of
the methods and the combination of the acoustical and cost data to

determine the optimum combinations of abatement techniques for spe-

cific conditions. The methods to be used and the scheduling for

collection of the data on wheel/rail noise are the primary topics

covered in this report. This study consists of a general discussion
of the program schedule, the specifics of the acoustic data collec-

tion, and a summary of the collection of the data for the cost para-

meters and the qualitative parameters.
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Coordinated Insurance Programs (Wrapups) are widely used in major
construction projects, and their use in urban transportation projects
has brought about considerable discussion and disagreement. This
has led the U.S. Department of Transportation to commission a fact-
finding study of the management of risks in urban transportation
construction with particular reference to Coordinated Insurance
Programs (CIP). CIP's came into being in the mid-1940's. It was
a new idea in the way it grouped entities for rating, and this aspect
of Wrapup has remained controversial. This report attempts to provide
answers and descriptive information to remove the rnystery and to
dispel many of the myths surrounding the management of risk and the
insurance programs involved in urban transportation. This report
was prepared to be useful to transit authority executives and others
interested in insurance and risk matters related to urban transpor-
tation construction.

This report investigates insurance programs for urban transportation
construction, including subways, and establishes guidelines by which
a transit authority owner can choose the insurance program which best
serves the needs dictated by the conditions and factors of the specific
job. An analysis of insurance programs is presented: coordinated
and conventional; withholding policies; completed operations coverage;
and other possible coverage combinations. Various forms of insurance
are discussed, as are programs for general construction safety.
Innovative variations of CIP's are explored. The results are decision-
making guidelines for owners for managing risk in urban transportation
construction. This report recommends that: 1) transit authority
executives should involve themselves at the preliminary design state
of the project in identification, measurement, and analysis of
potential risk; 2) savings available through a CIP can be substantial
if the project is of the correct size. Programs and projects of a

size greater than $60,000,000 should be CIP's, smaller projects
should be conventional; and 3) CIP is a well-run, beneficial approach
which serves well most of those interested in these projects.

The Appendices contain: 1) A Summary of Coordinated Insurance
(Wrapup) Status in 50 states and the District of Columbia; 2) Glossary;
and 3) Index.
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This report is Phase II of the study: Assessment of Disruptive
Effects Associated with Urban Transportation Tunnel ConstructToh

,

Phase I (PB 256-848). Phase I is a theoretical study, and it
developed a methodology that was intended to help forecast the
impacts of urban tunnel construction. Phase II aims to test and
refine the methodology developed in Phase I for the assessment
of impacts. This report highlights the assessment-forecasting
relationship, namely, to assess impacts and then to illustrate
how those actual impacts could have been forecast.

Phase II presents a case study conducted in Decatur, Georgia, in
order to assess the disruptive effects associated with the con-
struction of rapid transit tunnels for the Metropolitan Atlanta
Rapid Transit Authority (MARTA) East Line. This case study has

three objectives: 1) to pilot test the assessment methodology
developed in Phase I of this study; 2) to refine the methodology
as a forecasting tool based on the case study findings; and 3) to
develop mitigation procedures. A socio-economic profile of
Decatur is presented. Impacts of the construction are considered,
first in general terms and then in specific terms, by following
the route of construction through Decatur for two miles from
west to east. The major findings identified three causal agents
as being more important than the others: the barrier effect,
noise, and mud. Also identified are three groups of people that
are more severely affected than the others: the retail merchants
in downtown Decatur; middle class residents along a residential
portion of the alignment; and the "special population" (Poor,

Black, and Elderly) in a public housing project.

This report addresses "retrospective forecasting of impacts" in

order to establish how the assessed impacts could have been

predicted at the planning stage. The findings point out that

many impacts could have been predicted through the use of a "pre-

dictive logic", and that, therefore, mitigation measures could

have been taken.
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This study was sponsored by the Office of Rail Technology of the

Urban Mass Transportation Administration of the U.S. Department of
Transportation. The purpose of this study is to develop a workable
approach to muck utilization for transit tunnels, including cut and

cover construction. The report provides transportation system planners

and engineers with the necessary information to use more efficiently
the earth and rock materials produced during excavation for trans-

portation tunnels and large excavations.

This report presents the results of a detailed investigation into

the potential for muck utilization in the urban transportation
tunneling process, and it documents the necessary technical and
planning procedures that may be used to evaluate its utilization.
Six guideline steps for muck utilization planning are presented as

well as the selection of a Muck Utilization Coordinating Committee
(MUCC) for implementing these guideline steps. The muck utilization
planning concepts were investigated for three U.S. cities (case
studies): Atlanta, Georgia; Chicago, Illinois; and Baltimore,
Maryland. Additionally, a trial case study of the muck utilization
guidelines was made for the Baltimore Rapid Transit System.

Other sections of this report are as follows: A summary of information
obtained from a literature search of tunnel contractors, engineers,
and owners; Interviews and correspondences with people in the tunneling
and materials processing industries; Program of subsurface investigation;
Muck utilization rationale; Handbook (developed during overall study)
evaluation; and A summary of conclusions. The Appendices in this
report are as follows: Respondents to Survey arid Survey Form;
Typical Gradation Curves for Rock Muck; Functional Steps for Program
Implementation - City of Chicago Department of Development and
Planning; and Report of Inventions.
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Traditionally, excavated material (muck) removed from tunnels has been
considered to be waste materials of little or no value. In 1974 a

study of the properties of muck generated from urban transit tunnel
operations indicates that the material has great potential for re-use
as an engineering material in transit and other civil works projects.
This knowledge that tunnel muck is a useful by-product rather than
a disposal problem generated interest and plans for utilization.

This handbook aims to alert transportation departments, transit
agencies, city planners, engineers, and contractors to the potential
uses of soil and rock materials encountered in transportation tunnel
operations, and provides technical and administrative guidelines for
using them to benefit both the transit agency and the public. This
handbook documents the results of a study of alternative uses for
tunnel muck including utilization of muck as backfill material
within the transit project. The suggested utilization procedures
are consistent with construction methods and project management.

This report discusses: 1) the benefits of muck utilization, advan-
tages to owners, contractors, and public; 2) the potential uses of
muck as a construction material, as compacted structural fill, as a

sanitary landfill, and other specialized uses; 3) the estimation of
type and quality of tunnel muck; 4) the planning steps (guidelines)
for suitable muck utilization plans; 5) the contingencies which
might develop during a tunneling project; and 6) the Muck Utiliza-
tion Coordinating Committee that would be responsible for the imple-

mentation of the goals.
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The Urban Mass Transportation Administration (UMTA) is one of the
participants in the Department of Transportation's Coordinated
Tunneling Program. UMTA's assigned responsibilities in the
tunneling program are carried out through the Urban Rail Supporting
Technology Program Office at the Transportation Systems Center,
Cambridge, Massachusetts.

The seminar on "Construction Problems, Techniques and Solutions"
held at the First Chicago Center in Chicago, Illinois, on October
20-22, 1975, v/as organized to focus on anticipated construction
problems of the Chicago Central Area Transit Project to include
underground construction techniques, nev/ technology, ground
engineering techniques (underpinning, dewatering, grouting), and
involved an exchange of experiences among owners, design teams,
contractors, and other pertinent agencies.

This report consists of seminar presentations by representatives
of the U.S., France, England, and Japan to an audience of more
than 250 engineers, contractors, and administrators from the U.S.

and Canada. The papers (19) prepared for this seminar follow in

their entirety, and the authors are identified by their titles
and associations as of October 1975. Additionally, a complete
summary of the panel discussion held during the last afternoon
of the seminar and moderated by Harold E. Nelson, CUTD Executive
Director, is furnished because of the pertinent views that were
expressed therein. This set of proceedings has been prepared because
the seminar developed into a valuable summary of the state-of-the-art
of urban underground construction technology, and because of the
continuing requests for seminar presentation material.

The three-day seminar was funded by UMTA through the Transportation
Systems Center as part of its tunneling program. These proceedings
were compiled by the Chicago Urban Transportation District with
funding assistance from UMTA,
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With the anticipated increases in tunnel construction in the next

decade, greater demands will be made on transportation systems to

remove tunnel muck at rates consistent with tunnel excavation rates.

This workshop discussed and noted that conventional materials-

handling systems such as rail, rubber-tire vehicles, and conveyors

will have to expand their capabilities. Simultaneously, it was noted

that hybrid and lesser known systems such as pneumatic and slurry

pipelines must be considered as potential systems for muck haulage,

particularly since they show substantial promise of being capable

of transporting the muck volumes projected for the next decade.

This workshop on "Materials Handling for Tunnel Construction^' was

sponsored by the Urban Mass Transportation Administration of the

U.S. Department of Transportation, and it was held August 3, 4, 5.

1977, at Keystone, Colorado. The purpose of this workshop was to

establish a true workshop where information and work assignments

were submitted in advance to attendees with the goal of producing

a definitive document at the close. Experts were invited from the

construction, metal and non-metal mining industries. The participants

evaluated the state of the art of materials-handling systems for

underground construction, exchanged information on current systems

applications and research, itemized research needs, and produced

a written summary of their conclusions.

This document contains the 12 presentation papers. Questionnaire

and Workshop Format. Workshop Summaries, Closing Remarks, and a

List of Participants. The workshop reflects the view that major

advancements in the field of materials-handling for rapid transit

tunnel excavation would be implemented best by adapting ideas and

techniques now used in general underground construction, metal

mining, and coal mining.
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This study describes rapid transit system implementation, design
and construction procedures. The relationships and responsibilities
of governmental 5 private, and public groups involved in planning
and implementing an urban rapid transit system are discussed.

In this report techniques and processes of cut-and-cover and tunnel
construction are discussed in detail. Environmental impacts of this

construction as well as safety and insurance aspects are presented.
Physical and institutional controls (sensitivities) on construction
are identified. Physical controls include such factors as utility
density, traffic conditions, and weather. Institutional controls
include among others, the project schedule, right-of-way acquisition,
material and equipment supply, and labor agreements and productivity.

Three San Francisco Bay Area Rapid Transit (BART) projects and
two Washington Metropolitan Area Transit Authority (WMATA) projects
are analyzed herein with respect to time schedules, costs, and
sensitivity to physical and institutional controls. These data
are utilized in developing generalized models of four specific types
of underground construction: cut-and-cover station, cut-and-cover
line, free-air-driven tunnel,, and compressed-air-driven tunnel.
The models presented herein are a planning tool for evaluation of
the alternative types of underground construction in a transit system
with respect to local costs and physical and institutional controls.
Possible future tunneling cost-reduction techniques and recommendations
for further research are made.

Volume I includes sections 1 through 5; and Volume II, sections 6

through 9, and Appendixes A through F. The Appendixes are: Cost
'

Information, Rapid Transit System Computation Program, Accident
Report Summary and Report Forms, Estimated Escalation Values,
English Bentonite Shield, and Report of Inventions.
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The Urban Mass Transportation Administration, Technology Development
and Deployment, Office of Rail Technology, sponsors programs directed
toward improving urban rail transportation systems. The Transporta-
tion Systems Center supports UMTA by providing systems management and
technical support for the Urban Rail Supporting Technology Program
(URSTP) in the design, construction, and operating of UMTA test facil-
ities; the analysis and testing of vehicles, components, and guideways;
and the development of key technological data and systems. The Track
Geometry Measurement System (TGMS) described herein was developed
under the URSTP to provide rail properties with the capability of auto-
matically measuring four track geometry parameters in real-time with
equipment that can be installed on their own vehicle, and to aid trans-
portation planners and maintenance personnel to better assess the

quality of track for rapid, light, and commuter rail systems.

The purpose of this manual is to describe the TGMS real-time software
and to provide operating instructions for its use. The system is

adaptable to any resident vehicle on any rail transit system. Since
the sensor equipment is designed to be installed on any vehicle, the
"footprint" recorded is representative of the vehicle that actually
travels the track being inspected. The TGMS dynamically measures those
geometric parameters of track which affect ride quality, noise, and
operational safety. All parameters are processed in real-time on board
the vehicle using a UNIVAC 1616 digital computer. The system is designed
to operate at revenue speeds ranging from 20 to 80 mph and the specific
parameters measured by the TGMS include rail gage, alignment, profile
and cross level. The parameters are defined herein and are discussed
in detail and sections on track geometry techniques and on the sensor
system are discussed as background for the program. The report gives
a description of the three major TGMS subsystems and their interrela-
tionships. Other discussion in the report includes the system software
programs used in the TGMS and operating instructions for implementing
the software programs. Appendices A through I are the details of
engineering applications and software listings peculiar to the TGMS.
Appendix H is a glossary of terminology.
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This study was sponsored by the Office of Rail Technology,
Office of Technology Development of the Urban Mass Transportation
Administration of the U.S. Department of Transportation, and
it was conducted under contract with the Transportation Systems
Center for the Urban Rail Supporting Technology Program.

The view reflected herein is that if the advancement of the
technology of muck removal does not keep pace with advances in
tunneling machine technology, muck removal can become the
limiting constraint on the forward movement of the tunnel face,
and hence on the growth of tunneling. The objective of this
study is to advance the technology of tunnel excavation by
increasing the rate of muck removal from the tunnel face. The
highlights in this report are on muck haulage systems by pipeline,
and the emphasis is on investigating better techniques and
technology, rather than costs.

This report updates muck quantities and to some extent, muck
quality (in terms of its hardness and geology). Crushing
equipment is examined more thoroughly as is extensible conveyor
belt equipment. A survey of extensible equipment is made to aid
in suggesting approaches for their application in tunnels to

pipeline muck haulage. Recent headloss data for coarse slurries
are presented for the hydraulic muck haulage system. Consideration
is given to a jet pump eductor for feeding a centrifugal pump
from a mixing tank. A more compact and less expensive dewatering
system is also analyzed. Appendixes A through D provide background
material for the systems and concepts herein and include:

Pneumatic Pipeline Systems, CONOCO-CONSOL System, Dewatering
Equipment, and Coal Hoisting in the U.K. A previous and related
study, "Pneumatic-Hydraulic Material Transport System for the
Rapid Excavation of Tunnels" (DOT-TSC-75-17) , suggested a trans-

portation system for muck haulage with a pneumatic pipeline or
a slurry pipeline.
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The Morgantown Personal Rapid Transit System (PRT) is a new type of
public transportation system which was built as a research develop-
ment and demonstration project by the Urban Mass Transportation
Administration of the U.S. Department of Transportation. This system
began passenger service in October 1975 and consists of three sta-
tions, 2.1 miles of two-lane guideway, and a 45-vehicle fleet. The
Pre-PRT Phase of this Impact Evaluation (January-June 1975) recorded
travel patterns and ridership by all modes prior to the initiation
of PRT passenger service. The Pre-PRT Phase consists of three
separate volumes: Volume I: Travel Analysis (PB 254-481); Volume II:

Data Collection Procedure and Coding Manual (PB 254-482); and
Volume III: Frequency Tabulations from Four Transportation Related
Surveys (PB 254-483). The Post-PRT Phase of this Impact Evaluation
Study has been postponed until January 1977.

This Interim Analysis report describes the Morgantown PRT system
ridership levels and trends during its initial period of operation,
which was the 1975-1976 academic year. This analysis is a part of
the ongoing, multi-year, Morgantown PRT Impact Evaluation. It
measures the impact on ridership of seven operating characteristics:
fleet mileage, actual operating hours, system availability, trip
reliability, vehicle availability, downtime frequency, and downtime
duration. Data were obtained from West Virginia University Management
reports on daily ridership, and system operation and analysis includes
statistical tests and multivariate statistical procedures.

The findings show that ridership by day of the week was proportionately
similar throughout the 1975-1976 academic year, that a substantial
amount of the inter-weekly ridership variance is due to the university
schedule, and that weekend ridership was similar throughout the time

period. This report concludes that the PRT is a significant transpor-
tation mode for routine travel and that ridership is highly responsive
to quantity of service offered.
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In September 1976, the Transportation Systems Center of the U.S.

Department of Transportation entered into contracts with four
companies for the design, development, and deployment of a multi-
user Automatic Vehicle Monitoring (AVM) System which can be deployed
in any city in the United States. This report contains the interim
results obtained by one of the contractors, Hoffman Identification,
Inc., and covers the activities of Phase I which involved the instal-
lation and test of a HIS AVM system in Philadelphia, Pennsylvania,
during the winter of 1976-1977. A summary report on all systems
tested is available and titled: "Experiments on Four Different
Techniques for Automatically Locating Land Vehicles" (PB 270-951).

Phase I tests were divided into two primary categories: 1) random-
route tests (police, paratransit, taxi, etc.) and 2) fixed-route
(transit). Special case tests, a third category, are also described
and results are presented in this report. In the random-route tests,
the system showed the capability of locating the vehicle to within
282 feet, at 95 percent of the sample points under a wide range of
urban and environmental conditions. In the fixed-route tests, an

odometer and 15 signposts provided the vehicle's location to within
105 feet, at 95 percent of the sample points along a 13-mile route.
The time of passage of designated bus schedule "timepoint" was
automatically determined to within 11 seconds, 95 percent of the time.
Phase I consists of two volumes. Volume I: Test Results contains
a description of all test conf1 gurati ons , test procedures , location
algorithms, data processing, and test results. Volume II: Appendix
to this report contains the test log sheets, test data, and detailed
data processing results corresponding to all Phase I tests. The
results presented in the Phase I report show that the HIS AVM system
proposed for Phase II can provide a transit dispatcher with the
location of all buses to within an accuracy of 105 feet, 95 percent
of the time. Phase II will include the design, development, imple-
mentation, test, and operational support of a modern transit manage-
ment system using a reliable, economical AVM system.

NTIS ORDER NO.: Volume I: PB 272-907/AS PRICE: A15
Volume II: PB 273-4S6/AS A15

- 60 -



TITLE: EXPERIMENTS ON FOUR DIFFERENT TECHNIQUES FOR AUTOMATICALLY
LOCATING LAND VEHICLES
A Summary of Results

AUTHOR: Transportation Systems Center
(Bernard E. Blood and Bernd W. A. Kliem)

DATE: June 1977 PROJECT NO.: MA-06-0041

KEYWORDS:

1. Automatic Vehicle Monitoring Systems
2. Bus
3. Research, Activities
4. Vehicle, Monitoring

As one element in its overall program to develop and deploy new
technologies for the improvement of urban transportation, the Urban
Mass Transportation Administration of the U.S. Department of Trans-
portation has sponsored research on Automatic Vehicle Monitoring
(AVM) Systems as an evolving technology that offers potential in the

near term for improving levels of service and reducing operating
costs in bus -trans it systems.

The experimental work summarized in this Phase I report was carried
out in Philadelphia by Fairchild Space and Electronics Company,
Hazel tine Corporation, Hoffman Information Identification, Inc.,
and Teledyne Systems Company, each under separate contract to the

Transportation Systems Center (TSC). Phase I of this program was
completed in March 1977. The Phase I objective was to formally test
four different vehicle-location concepts against a technical perfor-
mance specification prepared by TSC. Phase II of the AVM program
will involve the selection of one of the tested location methods,
the detailed design of an overall AVM system, and its deployment in

a major urban area for test and evaluation in bus- transit and police
operations.

During the winter of 1976-1977, four different technical methods for
automatically locating surface vehicles were tested in both high and
low-rise regions in Philadelphia, Pennsylvania. The tests were
designed to evaluate the methods for their applicability as location
subsystems of AVM systems. Two "signpost" concepts, one utilizing
semi -passive transponders and the other utilizing active transmitters,
as well as two "area-coverage" concepts, one employing Loran-C and
the other employing a pulse tri lateration method, were tested. This
report outlines the experimental objectives, summarizes the test
results, and presents major findings. The tables in this report
chart out the Fairchild Test Results, the Hazel tine Test Results,
the Hoffman Test Results, and the Teledyne Test Results. The
Appendices contain: 1) a Statement of the Multiuser AVM Location
Subsystem Performance Specification; 2) Location Subsystem Techniques;
and 3) Basis of AVM Performance Specification.
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In September 1976, the Transportation Systems Center of the U.S.

Department of Transportation entered into contracts with four companies
for the design, development, and deployment of a multi-user Automatic
Vehicle Monitoring (AVM) System which can be deployed in any city in

the U.S. During the winter of 1976-1977, four different techniques for
automatically locating land vehicles were tested in both the low and
high-rise regions in Philadelphia, Pennsylvania. This document contains
the results obtained by one of the contractors, Teledyne Systems Company,
and covers the activities of Phase I which involved the installation
and test of the LORAN AVM System in Philadelphia. A sunmary report on
all four systems tested is available and titled: EXPERIMENTS ON FOUR
DIFFERENT TECHNIQUES FOR AUTOMATICALLY LOCATING LAND VEHICLES (PB 270-951).

This volume. Phase I, presents the results of the evaluation phase of
a two-phase program to develop an AVM system for the Southern California
Rapid Transit District in Los Angeles, California. Phase I tests were
divided into three categories (random-route, fixed-route, and special
cases) and are described herein. Performance characteristics measured
include location accuracy, time of passage accuracy, and coverage.
LORAN-C is an electronic navigation system that enables the user to

determine very precisely his position anywhere within the designated
coverage area. Currently the coverage area is more than 16 million
square miles and additional coverage can be provided at any time through
the addition of a portable LORAN transmitter station. It is this
electronic grid which provides the basic location capability for Teledyne'

s

LORAN vehicle location system.

The test results demonstrated that the LORAN AVM system is a leading
candidate for the area-wide multi-user system under consideration.
The LORAN AVM system has demonstrated its ability to meet fixed-route
accuracy requirements. A method for meeting the time of passage and
random-route accuracy requirements is presented herein. Phase I consists

of two volumes: Volume I: Test Results and Volume II: Appendices .

In Phase II the system will be fully developed and put into operational
status at the Southern California Rapid Transit District in Los Angeles,
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During the winter of 1976-77 four different techniques for automatically
locating land vehicles were tested in both the low and high-rise regions
in Philadelphia, Pennsylvania. The tests were carried out by four
different companies under separate contract to the U.S. Department
of Transportation, Transportation Systems Center. These tests were
designed to evaluate the four techniques for their applicability as

location subsystems for automatic vehicle monitoring (AVM) systems.

A summary report on all four systems is available and titled:
EXPERIMENTS ON FOUR DIFFERENT TECHNIQUES FOR AUTOMATICALLY LOCATING

LAND VEHICLES (PB 270-951).

This document contains the results obtained by one of the contractors,
Fairchild Industries, and covers the activities of Phase I which
involved the instrumenting of a section of downtown Philadelphia with
approximately 140 signposts. Part of the allocated section was used

for conducting tests applicable to fixed-route (transit) systems,
and part was used for random-route applications (police cars, taxis,

paratransit, etc.). In addition to the Philadelphia tests a series

of separate engineering tests were performed at the Fairchild Plant

in Germantown, Maryland, This Fairchild Industries report states
that the complete exercise served a two- fold purpose: 1) it proved

the reliability of AVM systems and, 2) it performed as an invaluable
learning tool from which all parties will profit.

This report states that as a result of the excellent performance

accuracies achieved during the field testing, and the technological
and production improvements being developed as a result of Fairchild

Industries' intensive IR and D program, substantial cost reductions

in the capital investment necessary to implement a Fairchild Location

System will result.
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Development of a bus propelled by a flywheel instead of by

an engine or storage battery has long interested urban trans-
portation planners. The kinetic energy stored in a flywheel

supplants the need for petroleum-derived fuels and minimizes
negative environmental impacts. Flywheel -driven vehicles
depend on fossil-fuel, nuclear, or hydroelectric central

station power. They have no emission fumes and low noise
levels. A flywheel is a spinning disc which stores kinetic
energy. Carried on board a rubber- tired vehicle, it can be

charged or recharged using electric power at selected wayside
station.

This report was prepared in support of the Urban Mass Trans-
portation Administration's program in flywheel energy storage.
This report develops and describes the analytical models and
digital computer simulations that can be used for the evaluation
of flywheel -electric propulsion systems employed with urban transit
vehicles operating over specified routes and with predetermined
velocity profiles. The computer simulation is divided into two
sections. The first section simulates the dynamic behavior of
the vehicle enroute, computes the energy and power requirements,
and the power losses of each of the propulsion system components.
The second section utilizes thermal models to compute the tem-
perature rises of each of the propulsion system components. The
simulations can be used to determine the suitability of a given
flywheel -electric propulsion system for an intended mission. This ,

report can be used for evaluating the degree to which the config-
uration of major components and the component ratings selected for
a proposed propulsion system will optimize its performance. The
modeling techniques herein can be applied to conventional battery-
powered as well as flywheel electric-drive systems, and to any
vehicle operating from wayside power. This report can be considered
both an evaluation tool and a design tool.

The Appendices contain Mathematical Models, Inout Constants for
Computer Program, Parameter Listing for Computer Program, Tabular
Outputs for Sample Run (One Round Trip), Manufacturers' Data for
Major Components, and Report of Inventions.
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This study examines the technical and economic aspects of a regenerative
braking/flywheel energy storage subway system. In order to define the

analytical models accurately, it was necessary to gather data on the

trains, rail network, schedules, and ancillary equipment. Data on pro-
jected costs of flywheels, motors, rails, and other equipment were also
gathered for use in the economic analysis. During this data gathering
phase, it was decided that the Massachusetts Bay Transportation Authority
(MBTA) Red Line would be the source of the most representative and com-
plete data. The problem was to determine what, if any, combination of
energy storage devices and high conductivity rails would yield a subway
system with a lower life cycle cost. The primary goal of the study was
to compare the system costs of wayside storage with those of on-board
storage. Using data provided by MBTA, power levels versus time and rail

losses were calculated and used to determine the sizing and location
of energy storage units. From the amounts of energy storage required,
the costs of the flywheels and i/o equipment were calculated. Utilizing
these modules for load leveling was also considered. However, since

the energy storage required for load leveling is much greater than that
required for regenerative braking, a separate study 1s needed to examine
this in detail.

The study indicates that for systems with station densities and traffic
patterns similar to the MBTA Red Line, the inclusion of wayside flywheel
modules has a significantly lower first cost, and can be justified on a

purely economic basis. It was found that a wayside flywheel module
could have a payback period as short as two years. The use of high con-

ductivity (aluminum/steel) rails in conjunction with this storage would
allow the elimination of four flywheel modules over the section of rail

studied. Their inclusion can be further justified by the long term
social advantages of energy conservation, such as reduced environmental
impact and less foreign dependence. The study also indicates that way-
side flywheel storage has economic advantages over competitive regenera-
tive schemes, in particular, the on-board flywheel storage. However,
further study should be undertaken to determine the most economical way-

side storage modules for more general use, since there are differences
in requirements within the MBTA system and other transit systems. This

report addresses recommendations for future study, contains a bibliogra-

phy, and Appendices A and B: "Vehicle Energy Requirements" and "Report

of Inventions", respectively.
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This report is the result of continuing efforts to understand the

safe-headway trade-offs for Personal Rapid Transit (PRT) and dual-
mode systems. It adds a new dimension to the traditional inter-
actions among control complexity, safety, and acceleration. The
work reported herein was performed by the Alden Self-Transit Systems
Corporation and the Transportation Systems Center (TSC) of the
U.S. Department of Transportation. TSC's primary participation was
in the areas of the vehicle-follower computer program, the plotting
routines, and the supplying of computer time on the Center's PDP-10.
Alden's primary participation was the point- follower studies, the
basic vehicle-follower equations and the analysis and design of the
demonstration.

Analyses and computer programs are developed to determine how short
it is possible to make the ramps leading into and out of off-line
PRT stations. Simplified reference solutions are obtained and
results are presented for state-of-the art, improved, and advanced
system parameters. Potential savings in the costs of stations are
very large, due to the high construction cost of station ramps.

Both point- follower and vehicle-follower control systems are con-
sidered. For point-follower control systems, the acceleration ramp
can usually be eliminated. The deceleration ramp can usually be
greatly shortened, particularly if main guideway headway is sufficient
for successive cars to enter a station. The speed of through cars is
not affected. For vehicle-follower control systems, small deviations
in the speed of through cars allows both acceleration ramps and
deceleration ramps to be appreciably shortened. The greater the
velocity deviation, the shorter the ramps can be, limited only by the
comfort, convenience, and time-loss limits on the through cars.
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The Service Availability Workshop, sponsored by the Urban Mass
Transportation Administration and arranged by the Transportation
Systems Center, was held at Andover, Massachusetts, on October
6, 7, and 8, 1976. The^ workshop consisted of four panel

sessions: Service Avai'labil ity Definitions; Operator Experience
in Operational Systems; Theoretical Aspects of AGT Service
Availability; and User-Manufacturer Relationships. The workshop
presented a wide spectrum of informed opinion on how to specify,
predict, design, and measure the effectiveness of automated
guideway transit systems.

This document contains the papers and remarks presented at the
four panel sessions, the comments made during the question and

answer period that followed, and a list of attendees. Minor
editing was applied to the remarks presented and the discussions
generated during the workshop sessions to provide continuity
and clarity.

The discussions illustrated the wide spectrum of meaning
currently given to the term "service availability." The

positions taken by representatives of the various portions of

the transit industry— properties, designers, researchers, and

manufacturers— showed the variety of ways in which system

performance is specified and evaluated today, and the reasons for

such a variety.
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This report describes the testing of live, seated human subjects to

determine the maximum deceleration and associated rate of change of

deceleration (jerk) at which the majority of potential users of Auto-

mated Guideway Transportation Systems can remain securely in their

seats. The study was designed to determine deceleration levels neces-
sary to dislodge these passengers under normal seating conditions and

to determine the optimum deceleration and jerk levels which will maximize
the passenger flow rate while minimizing injuries to the passengers
caused by decelerations. These typical seating, passenger, and stopping
conditions suggested the choice of independent variables which were
seat orientation (forward-facing, side-facing), seat tilt (normal, 5

degrees back), jerk level (low, high), and subject size (small, large).
Under each set of conditions, the subjects, large and small, underwent
various levels of deceleration and associated jerk in an instrumented
vehicle. Switches placed in the seat pan indicated when the subject
became dislodged from the seat.

The two groups of subjects chosen to represent anthropometric extremes
of potential passengers were males larger than 90 percent of the male
population, and females smaller than all but 10 percent of the female
population. Based on these tests, an estimate of the maximum permissible
emergency deceleration for forward-facing, seated AGT passengers is

0.47 g, and 0.41 g for side-facing passengers. The tests also indicated
that tilting the entire seat assembly backward 5 degrees increased the
estimated maximum permissible deceleration to 0.52 g. The tests support
the use of forward-facing, back-tilted seating to permit high decelera-
tions with a low incidence of passenger dislodgement. The small observed
differences in the data obtained under different rates of change of
deceleration are not attributable to treatment effects; nor are the small
differences observed between the two different sizes of subjects. The
study maintains that the results of this research should be cautiously
applied as no attempt was made to distinguish independently among the
effects, if any, of subject age, sex, and size. Although no significant
effects of jerk were found, further studies of jerk should not be pre-
cluded.
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The U.S. Department of Transportation/Urban Mass Transportation
Administration, Office of New Systems and Automation sponsored
a security workshop conducted by the Transportation Systems Center.
The purpose of this workshop was to discuss methodologies for
evaluating the effectiveness of transit crime and vandalism reduction
measures which can be used on Automated Guideway Transit (AGT)

Systems. Senior transit security staff, transit security researchers,
and transit planners contributed papers and participated in this

workshop.

The workshop focused on current methods of assessing the effectiveness
of crime and vandalism reduction methods that are used in conventional
urban mass transit systems, and on how they might be applied to new
AGT systems. Conventional as well as novel methods of assessment
were presented and discussed. Among the maj'or issues discussed were
the use of critical incident techniques to assess the community's
needs with regard to transit security; the establishment of a board
similar to the National Transportation Safety Board, which will focus
on security issues; and the role of security specialists and manage-
ment in transit planning.

The information presented herein should be of interest to transit
security planners and researchers, law enforcement agencies, planners
of AGT systems, and to those people who are concerned in general with
the problems of crime and vandalism in transit systems.
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This report is one of a series of studies of wheelchair accessible
bus implementations sponsored by the Service and Methods Demonstra-
tions Office of the Urban Mass Transportation Administration of the
U.S. Department of Transportation. The paper is based on a site

visit and discussions wi'th several individuals in the Atlanta area.

This document describes the implementation and operation of Metropoli-
tan Atlanta Rapid Transit Authority's fixed-route, subscription service

for handicapped individuals. Operational characteristics, including
the early months of service, are presented as well as pictures and

charts depicting the MARTA L-BUS vehicle, floor layout, lift design,

lift operation, safety features, wheelchair securement, and problem
areas. The subscription service, initiated in May 1977, began with
a single bus operating three daily routes and has grown to seven
buses operating 27 daily and two weekly routes. The buses are all

lift equipped and most have 4 wheelchair positions and seventeen
seats. As of May 1978, ridership has increased from 41 to 270
passenger trips per week.

New routes are established by grouping trip origin and destination
requests into vehicle tours. At least four handicapped passengers
must be able to be served in a single tour before that route is

incorporated into the system. The dispersion of the desired trip
origins and destinations has resulted in low productivities and
in high passenger trip costs. The net direct operating cost,
excluding the extra deadheading due to special garaging requiremenj:s,
was $12.54 per passenger trip for the first seven weeks of service
with only very light reductions since that time. The major difficulty
that users experience with the lift equipment has been getting onto
the lift platform unaided. However, with the driver/others to assist
them, their usage of the system has not been restricted. Mechanically,
the lift equipment has performed better than the Authority's
maintenance staff expected.
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COM-BUS, as a self-sustaining subscription commuter bus service,
has gained national recognition as one of two such services (the
other being the Reston Commuter Bus Service from Reston, Virginia,
to work destinations in the metropolitan Washington, D.C. area).
COM-BUS is an outstanding example of private entrepreneurship
entering the transit field and providing a service which continues
to meet passenger demands at better than a 90 percent load factor
and at a profit. COM-BUS provides this weekday work trip service
through contracts with several charter bus companies. This docu-
ment analyzes current COM-BUS operations, service management, and
evolution. Supply, demand, and attendant productivities are dis-
cussed, and COM-BUS service characteristics and their potential
transferability to other locales are set forth in this report.

COM-BUS is a privately owned organization operating at a profit with-
out any form of subsidy. COM-BUS serves approximately 2,000 com-
muters per day on 47 routes which provide service in Ventura, Los

Angeles, and Orange counties. A majority of the routes use chartered
passenger buses with 38 to 47 seats. A fleet of eight 13 to 16-

passenger minibuses are used on routes where demand is insufficient
to warrant the larger buses. Service provides a fairly personalized
morning pickup, with major portions of the runs to work destinations
being express and using freeways. In the evening, passengers are
picked up at their work locations, and runs to their initial ori-
gins are accomplished. Because of its method of management opera-
tions, COM-BUS maintains subscription levels (weekly seat reserva-
tions paid for in advance) at better than 90 percent. COM-BUS was
organized and now operates with a minimum of capital outlay, and is

managed by essentially volunteer support.

Travel times using COM-BUS are only slightly longer than those for
private automobiles making the same trips. COM-BUS fares are con-
siderably less than corresponding costs to operate a private auto-
mobile for a similar trip. The success of COM-BUS is inportant in
view of the current heavy subsidies required for most transportation
systems, and in view of the tendency of Southern California commuters
to reject mass transit and to use private means instead.
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In order to move more people in fewer vehicles with limited capital

investment, priorities for High Occupancy Vehicles (HOV) have been

developed and implemented over the past several years. This study

focuses on one of the options of HOV: non-separated con current-flow
high occupancy lanes on freeways. Reserved lanes exist or have

existed on Routes 101 and 280 in San Francisco, the Santa Monica

Freeway in Los Angeles, the Banfield Freeway in Portland, the South-

east Expressway in Boston, 1-95 in Miami, and the Moanalua Freeway
in Honolulu. One freeway lane with an average occupancy of 1.3

persons per car can carry only 2600 persons per hour. When the

occupancy is increased to 4 persons, the hourly person rises to 8000.

However, the idealized outcomes have not been realized by reserved
lane projects. Through a comparative analysis of results of the three
most recent concurrent-flow projects: the Southeast Expressway, 1-95,

and the Santa Monica Freeway, this paper attempts to develop a better
understanding of the issues that surround the reserved lane concept.
These three sites were chosen because they represent recent experiments
with the concept and because of their substantial differences. The
issues addressed in this report are: 1) changes in travel times on

the freeways and in transit level of service; 2) modal shift to car-
pooling and transit; 3) capital and operating costs; 4) changes in

accidents and incidents, violation rates, and enforcement; 5) the
public's attitude towards the reserved lane concept, the effect of
advertising and media reports, and the role of politics; and 6) the
design and operating environment appropriate to the concept.

The three projects met with differing degrees of success and failure,
and those in Boston and Los Angeles have been terminated. Carpooling
increased by about 70 percent and travel times for those using the
lanes decreased. The weaknesses in the concept were the large number
of violators and the difficulty of enforcement, the potential for acci-
dents, the inability of the lanes to attract large numbers of new bus
riders and carpoolers, and the political problems associated with
removing an existing lane from general use. The evidence indicated
that there should be a median strip between the two directions of flow
and a permanent barrier between the reserved and regular lane access
points. The study presents recommendations for future HOV priority
projects. A Listing of References is contained herein.
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This Executive Summary is one of three separate documents that
constitute an evaluation of the Double Deck Bus (DDB) Demonstra-
tion Project sponsored by the Urban Mass Transportation Adminis-
tration. The demonstration project was conducted in two cities,

Los Angeles and New York (July 1974 through June 1977). The
primary objective at the two sites was to assess potential increases
in vehicle productivity in an express, limited busway service (L.A.)
and in regular service (NYC). DDB carry from 68 to 84 passengers;
conventional buses carry from 45 to 47 passengers. Both buses
require a single transit employee, the driver.

In New York City, eight British Leyland double deckers operated
on two Manhattan routes characterized by congested traffic,
heavy passenger loads, frequent stops and frequent passenger
turnover. Only seven months of revenue service data were analyzed,
due to delays in manufacturing and in satisfying United States
safety and environmental requirements. In Los Angeles, two types
of service were provided by the two German Neoplan buses: during
morning (CBD bound) and evening (suburb bound) peak periods, a

park-and-ride express run utilizing approximately 15 miles of an

exclusive express busway, and an all day revenue service run
between Los Angeles CBD and the suburban community of Pomona.
Eleven months of revenue service were analyzed, due to the necessity
to correct original manufacturing deficiencies in both double deck
buses. The evaluation considers passenger acceptance and perceptions
of the DDB vis-a-vis the conventional bus. Statistics are presented
on schedule adherence, dwell times, passenger throughput, vehicle
reliability, on-board safety, repair and maintenance costs/capacity
mile and fuel and oil consumption rates. It was concluded that:
foreign production line vehicles, the Leyland and the Neoplan, should
have been treated as prototypes and undergone extensive on-site
testing and re-design before they were produced as standard production
line vehicles and accepted for revenue service— this procedure is

recommended for all future purchases of double deck vehicles; and
experience with these vehicles has aided manufacturers and transit
operators in the development of vehicle specifications appropriate
for the American market.
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The Urban Mass Transportation Administration's (UMTA) Service and
Methods Demonstration (SMD) Program has the objective of improving
existing transit operations by sponsoring the development and imple-
mentation of new techniques and services on a nation-wide basis.
The SMD Program pursues demonstration projects and studies in four
major program areas: Traffic Management; Paratransit; Service for
Transit Dependents; and Price and Service Improvements. An impor-
tant aspect of the SMD Program is the performance of technically
sound and objective evaluations of the individual demonstration
projects. Under UMTA sponsorship, the Transportation Systems
Center (TSC) of the U.S. Department of Transportation, conducts a

broad program of demonstration evaluation, evaluation methodology
development, and research in support of these activities. At
present, TSC has technical and progranmatic responsibility for a

program of demonstration evaluation.

This document contains a summary description of the philosophy and
technical approach underlying the evaluation of SMD projects. It
describes the supply-demand framework for performing urban transpor-
tation impact evaluation and the application of this framework to
the following demonstration topics: 1) background and setting;
2) project implementation and operations; 3) level of service
(supply) changes; 4) travel behavior (demand) changes; 5) operator
impacts and productivity; and 6) non-travel impacts.

The SMD Program attempts to maximize the quality and utility of
information gained from the demonstrations by developing and
employing a consistent, carefully structured approach to demonstra-
tion evaluation. Each evaluation is built around the basic
analytical framework described in this report, with emphasis
placed on using state-cf-the-art data collection and analysis
techniques which are consistent from the standpoint of efficiency,
accuracy, and output.
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This report focuses on documenting and assessing the evolution and
operations of the Reston Commuter Bus (RCB). RCB is a good example
of a community group overcoming many legal, regulatory, and institu-
ional constraints to develop and refine a viable commuter bus service
for comnunity residents.^ The success of the RCB experience has
addressed issues of national concern in transportation, namely, the
feasibility of community- based organizations providing effective
transit services without public subsidy. The RCB approach to commuter
bus service is of potential interest and applicability to other
communities across the country. For these reasons, UMTA conducted
this review and assessment of RCB under the aegis of UMTA's Service
and Demonstration Program.

RCB is a coimunity-based nonprofit corporation which operates a non-
subsidized, weekday, peak-period express commuter bus service operating
between Reston, Virginia, and Washington, D.C., area employment centers.

RCB is managed essentially by volunteer support. Since 1968 RCB has
contracted with public and private carriers to operate the service.
The current RCB service is supplied by a private carrier. This report
examines the current RCB service operations, the development of the
service and the organization, as well as ridership, cost, and
productivity data. It addresses the viability of RCB service in terms
of the contractual costs of transportation weighed against the revenue
generated by system ridership. System productivity is addressed over
time by comparing actual and breakeven load factors. Finally, an

assessment is performed to draw conclusions on the RCB experience as

well as to extract transferable elements which may be of use in other
locales.

RCB has grown from a single charter bus run in 1968 to its present
size in 1976 of approximately 70 daily bus runs. The monthly
ridership has increased from approximately 1,000 in March 1968 to

more than 43,000 in February of 1976.
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In recent years, considerable attention has been focused on

the use of demand-responsive transportation (DRT) systems to

provide feeder service in low density areas. For the transit

planner considering alternative future transit designs, there

has been little in the way of analytical tools available to

assess the impact of DRT systems. The intent of this report

is to provide the Urban Transportation Planning System (UTPS)

user with a methodology for incorporating DRT feeder systems

in transit network analysis. The focus is on the use of DRT

systems to provide feeder services to fixed transit routes

in low density areas. A methodology for considering such

services within the framework of UTPS modeling is presented .

A set of previously developed DRT supply models, representing

many-to-many service, many-to-one cycled service, and many-to-

one subscription service have been refined for the purposes

of this report. These services are discussed and general

guidelines for designing feeder services offered. The models

themselves are described in detail (Appendix A), and program

listings provided (Appendix C). In addition, a series of

nomographs (Appendix B) based on model results have been

developed to enable the analyst to predict the service levels

of DRT feeder systems under a range of conditions. Examples

of the use of these nomographs, and the overall approach to

modeling DRT feeder systems within UTPS, are also included in

Appendix B. This report also provides a bibliography and a

glossary of terms.
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In August 1976, the Urban Mass Transportation Administration (UMTA)
of the U.S. Department of Transportation awarded a demonstration
grant to the Westport Transit District (UTD) to examine the feasi-
bility of combining shared- ride taxi service and other paratransit
services with conventional bus services in Westport, Connecticut.
This report documents and assesses the services to be provided and
the planning and implementation process associated with this
demonstration.

The Westport Demonstration addresses three objectives of the
Service and Methods Demonstration Program of UMTA: 1) increased
transit coverage; 2) increased transit vehicle productivity; and

3) improved transit service for the transit dependents. In addition,
the Westport Demonstration emphasizes local taxi operator involvement
in providing a shared-ride taxi service under the central management
control of a public transit district. This paratransit service is

integrated with the conventional fixed-route bus transit services
provided by the WTD. Inherent in this project is the concept of
a public transit authority acting as a transportation broker,
contracting for services, serving as an agent to balance transpor-
tation supply and demand in a productive manner, and overseeing
day-to-day operations.

This report focuses on documenting and assessing the brokerage
role performed by the WTD in implementing shared-ride services.
The contents include a discussion of the institutional and opera-
tional elements involved in contracting with local taxi operators
to provide shared- ride service. In addition, arrangements for system
maintenance, marketing, and public information dissemination are
described. Implications from the Westport pre-demonstrati on
experience are potentially of interest and applicability to other
locales.
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This paper reviews two techniques for restraining the use of the auto-
mobile: residential parking permit programs and traffic restraint

devices. Residential parking permit programs are initiated in situa-

tions where parking by non-residents interferes with the parking needs

of residents or with other neighborhood needs related to the environment,
safety, and aesthetics. Traffic restraint devices are physical measures
placed on residential streets to inhibit the flow of th rough- traffi

c

and to divert this traffic to designated streets on the periphery of
the protected area. While both of these approaches are aimed at re-

straining the use of the automobile in residential areas, they have
little in common so far as appearance or specific purpose. For this

reason, they are treated separately in this study. The first half of
this paper discusses parking policies, the causes of the parking prob-
lem, the effects it has on the neighborhood and its residents, and the

potential solutions. The focus is on the parking permit as a solution
to this problem. Implementation, boundary problems, visitor permits,
the relationship to rapid rail stations, and legal decisions are dis-
cussed. A summary of parking policies in 40 communities and case studies
for Cambridge, MA, San Francisco, CA, and Washington DC are provided.
The second half of the paper is devoted to the use of traffic restraint
devices in residential neighborhoods. It discusses the problem of
through- traffic and its negative effects on a residential neighborhood.
Traffic restraint devices are singled out as the most readily available
short-term solution to the problem, and issues related to their imple-
mentation and effectiveness are discussed. Traffic restraint devices
that are used in the United States are described and the use of devices
in 37 communities and case studies for Berkeley, CA and Seattle, WA are
summarized. The report concludes that despite the problems related to
the definition and treatment of boundaries, the issuance of visitor
permits, and the adverse impacts on rapid transit and shopping accessi-
bility, resident parking permit programs have become a popular means of
restraining the use of the automobile in residential areas. The exist-
ing programs have been successful in accomplishing their state goals in
which parking has been made available to local residents, non-resident
traffic has been reduced, and the neighborhood environment has been im-
proved. Most of the traffic restraint schemes have occurred in rela-
tively less dense cities with grid street patterns and sufficient
reserve street capacities to accomodate the diverted traffic without
causing serious congestion.
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This study was performed as part of a series of wheelchair acces-

sible bus implementation. It describes the implementation and

early operation of a pilot project of fixed-route, wheelchair
accessible bus service. An update of the information contained
in this paper is planned in the near future.

In 1976, a bus wheelchair lift was developed that met the safety
and reliability requirements of the San Diego Transit Corporation
(SDTC). As a result, the SDTC implemented a pilot program to

demonstrate the need for this service. Two heavily patronized
routes were selected which would: 1) offer a good destination
choice set for handicapped and elderly; 2) serve areas where a

reasonable number of handicapped and elderly might live; and 3)

fit a four lift bus operation with reasonable headways.

During the first week of lift bus service, ridership averaged
slightly less than two trips per day. Shortly thereafter, rider-
ship had dropped to about one person per week. The factors that
explain this include: 1) a lack of advertising of the lift service
due to budget constraints; 2) the limited origins and destinations
served by wheelchair buses; 3) the difficulty of accessing the bus

stops or destinations near the stops due to street curbs and hilly
terrain; 4) the competition from social service agency transporta-
tion services and from the City of San Diego Dial -A-Ride; and 5)
the initial unreliability of the service due to late delivery of
some of the vehicles and the absence of a back-up vehicle when
the lift design improvements were being incorporated. In this
study all relevant aspects of the current operation are covered,
such as service and equipment, level of service, economics, demand,
impacts, attitudes, and implications for transferability. The
report also contains Appendix A, which is a Dial-A-Ride Passenger
Survey. The conclusion of the study is that the lift is workable
and is being continually improved as testing and operating experience
is gained. However, a true measure of handicapped and elderly
ridership will not be determined until a major portion of the
external travel barriers are removed. Consequently, high initial
ridership by the disabled should not be expected by cities contem-
plating or implementing this type of service.
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The Santa Monica Freeway connects the City of Santa Monica and down-
town Los Angeles. On March 16, 1976, the median lane in each direc-
tion of a 12-mile, 8-1 ane segment of the Freeway was reserved for
the exclusive use of buses and carpools. These lanes, known locally
as the Diamond Lanes, operated during the peak hours of traffic flow,
and marked the first time preferential lanes had been created by
taking busy freeway lanes out of existing service and dedicating them
to the exclusive use of high-occupancy vehicles. The lanes operated
amid much controversy for 21 weeks until August 9th, when the U.S.
District Court in Los Angeles halted the project and ordered addi-
tional environmental studies prior to its continuation. This report
summarizes the findings of the official, objective, independent
evaluation of the project. It addresses a broad range of project
impacts in the following areas: traffic speeds and travel times;
traffic volumes and carpool information; bus operations and ridership;
safety and enforcement; energy and air quality; media coverage;
public response; and political and legal involvement. It also lists
general suggestions for planning and implementing future preferential
lane projects.

Much of the controversy surrounding the Diamond Lanes consisted of
conflicting claims regarding the ability of the project to accomplish
its stated objectives of conserving energy, improving air quality, and
expanding effective freeway capacity by increasing the occupancy of
buses and automobiles using the freeway. The project succeeded in
increasing carpool ridership by 65% and the increased bus service
accompanying the Diamond Lanes caused bus ridership to more than triple.
Nonetheless, energy savings and air quality improvements were insigni-
ficant, freeway accidents increased significantly, non-carpoolers lost
far more than carpoolers gained, and a heated public outcry developed
which has delayed the implementation of other preferential treatment
in Southern California, and has given planners and public officials
in other areas ample cause for reflection before attempting similar
projects. The final report has been published in two volumes:
Volume I, The Summary, which contains an Executive Summary and Chapter
1 (a topic-by-topic condensation of the Technical Report), and
Volume II, The Technical Report, which contains an Executive Summary,
Chapters 2 through 10, and Appendices.
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This report contains a description of the Service and Methods
Demonstration Program. Recently completed and current and
future demonstration projects are described and project results
from similar demonstrations are compared. The comparisons are
made by grouping projects according to the program objectives
addressed, which are: 1) decrease travel time; 2) increase
transit reliability; 3) increase transit coverage; 4) increase
transit vehicle productivity; and 5) improve the mobility of
transit dependents.

Independent activities carried out in support of the demonstrations
are described, such as the development of evaluation guidelines
and improved methodologies for demonstration evaluation, analytical
studies in support of the development of experimental demonstra-
tions, studies of independent local innovations, and case studies
of transit operations in small conmunities. Information dissemi-
nation mechanisms and activities intended to facilitate more wide-
spread knowledge of effective approaches to improving transit
are discussed.
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Unlike other reserved lane projects, implementation of the express
lane on Boston's Southeast Expressway was timed to coincide with
the mandatory reconstruction of portions of the roadway. The
reserved lane was introduced as an action necessary to avoid total

chaos on the Expressway. The purposes of this evaluation report
were: 1 ) to measure the impacts of the project; 2) to identify
measures to improve the operation of the Southeast Expressway
reserved lane; and 3) to be able to make comparisons with other
reserved lane projects to better understand the concept.

A non-separated concurrent-flow lane was instituted on the Expressway
4 May 1977. Construction of the roadway began in June 1977 reducing
capacity at that point by 25 percent. This report describes the project
development, implementation, and operations, and it addresses impacts
in the following areas: travel times and alternate routes; transpor-
tation system use p?.tterns; cost of express lane operation; violations,
enforcement, and safety; and institutions and attitudes. By the end
of the project the Expressway was carrying eight percent fewer people
while the number of automobiles had declined 16 percent, reflecting
a 71 percent increase in the number of carpools. Bus ridership
increased by only 5 to 6 percent while ridership on rapid rail
increased by 12 percent. The violation rate fell from 80 percent to
35 percent when enforcement was initiated. Enforcement proved to

be an unpopular change in project operations.

Although the Southeast Expressway project was unexpectedly cancelled
(2 November 1977) due to public criticism and lack of public support,
the author concludes that the project's primary goal--to alleviate
the potential congestion caused by the roadway reconstruction—was
achieved.
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A transit mall is a street which has been improved for pedestrian
use, but which retains a roadway reserved for transit vehicles

integrated with the city-wide or regional transit system. This

study focuses on transit malls that carry regular metropolitan
transit routes, rather than on primarily pedestrian malls which
use shuttle buses or trams. The study is intended to acquaint

the planning community with the concept of transit malls, and to

provide information about several of the most important and

interesting projects to a wider audience. This is Phase I of a

two-phase project. The second report. Phase II, is in preparation,

and will be more analytical in nature, seeking to quantify the

potential advantages and disadvantages of transit malls and to

identify the circumstances which justify their construction.

The projects and plans of 6 cities (Minneapolis, MN; Philadelphia, PA;

Portland, OR; Madison, WI; New York, NY; and Denver, CO), are

described in detail in this report. These details include: 1) site

descriptions including general geographic and demographic conditions;

2) general traffic/trans it characteristics; 3) description of project
streets before and after construction - including design character-

istics, traffic/trans it/pedestrian use, and funding; and 4) project
histories. Where available, results such as indicators of trans-
portation service and economic impact are presented. The text also
includes a chapter which presents a comparison of the planning
framework for each of the six transit malls.

The report contains a discussion of the contextual elements of
mall development such as existing transportation services and the

economic and political climates. Included is a description of
the planning process itself, the gathering of support and opposi-
tion, the selection of alternatives, and the appearance and resolu-
tion of "bottlenecks" in the process. Together, these contextual
and planning elements constitute project histories which should
prove useful to other communities considering the transit mall

idea.
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This report examines subsidized taxi systems serving elderly and
handicapped persons in six locations in the San Francisco Bay Area.
The systems studied are San Leandro, Santa Clara County, Sunnyvale,
Palo Alto, Lafayette, and Fremont. These systems are designed to
deliver taxi service at a reasonable cost to target groups residing
within the program areas. The objectives of this report are:
1) to describe six programs which deliver transportation service
to elderly and handicapped persons utilizing the subsidized taxi
mode; 2) to identify the essential similarities and differences
among these programs; 3) to illustrate, in qualitative terms, the
nature of the costs, efficiencies and impacts on taxi operators,
subsidizers, and users of the six approaches; and 4) to interpret
this information and identify those findings which appear to be
transferable to planners in other localities.

The analysis is gathered from available existing data concerning
the SIX programs studied as well as the perceptions of the adminis-
trators, taxi providers, and clients. In all locations, the subsi-
dized taxi programs are successfully delivering transportation
service to elderly and handicapped residents as evidenced by rising
client enrollment and ridership volumes. Overall, response to the
programs has been and continues to be extremely favorable. Also,
the service furnishes additional revenues for the taxi providers,
and evens out fluctuations in the demand for service during their
base period The subsidized taxi system offers much promise as a
means of delivering service to most elderly and handicapped indivi-
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All paratransit services are labor intensive, second only to
conventional taxis among transportation modes. As such, the
manner in which the service is provided, the role of the labor
force, and, in particular, the compensation afforded to drivers,
have significant impact on the cost of system operation. The
author believes that the establishment of dual labor standards
for conventional and paratransit drivers, a precedent which has

been set in Cleveland and Delaware, would fundamentally improve
the future prospect of paratransit in large urban areas.

This report looks into paratransit labor costs as they relate
to type of service, union affilitation, management strategies,
and characteristics of the system location. Labor costs are
analyzed in terms of wage scales, benefits, incentive payments,
work rules, scheduling practices, and job definitions. The
transit labor costs are analyzed separately from paratransit
labor costs, and the relationship between the two is explored.
Interwoven into this discussion of paratransit labor costs is

a study of the cost 'impact of Section 13(c) of the Urban Mass
Transportation Act. (This statute protects the employment
conditions of transit employees against any adverse effects that
may arise out of Federal transit assistance.)

This report concludes that real growth in paratransit over the

coming years could effect the establishment of dual union wage
standards for paratransit and conventional operators. Although
the future of paratransit in small rural communities appears
secure, the uncertainty and the high labor costs found in the

larger cities make its future there more tentative. Greater

cooperation is recommended between all levels of government,

transit managers, and transit labor unions to further the develop-

ment of paratransit labor standards and of integrated paratransit

services.
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Shared- Ride Taxi (SRT) service refers to the sharing of the same
taxi by two or more passengers with different origins and/or
destinations. The technical problem of scheduling and routing
SRT service is so great that only computers can handle it I

efficiently. This study is concerned with defining the require-
ments of such a computer system.

The major objective of this study is to develop the system
requirements and perform a functional design of the Computer
Control System (CCS) for an automated shared-ride taxi system.
A SRT operation using a CCS offers a potential for increased taxi

dispatching efficiency, improved driver productivity and profita-
bility, improved quality of service, integration of taxis into
areawide transit, and improved mobility for the transportation
disadvantaged.

|

This interim report describes progress on the study, and indicates
major findings to date. It is an executive-level summary, and
it does not attempt to include all information or justify all

statements. Rather, it is an overview of accomplishments leading
to a concluding section which outlines preliminary system design
requirements. These requirements are subject to change since the
work in many areas is not yet complete.

The Appendices contain a Bibliography and a Report of Inventions.
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As part of the Urban Mass Transportation Administration's continuing
Automated Guideway Technology Assessment Program, the Transportation
Systems Center of the U.S. Department of Transportation has conducted
an assessment of the Braniff International Airlines Jetrail system
located at Love Field in Dallas, Texas.

This report is an assessment and evaluation of Jetrail, the first
operational completely automated, demand-responsive, group-rapid,
intra-airport transportation system. Braniff Airlines installed
Jetrail for their passengers and guests. Jetrail connects a parking
lot at the entrance to Love Field and the Braniff terminal with
three-quarters of a mile of double-lane monorail and has ten suspended
vehicles, a maintenance facility, and three stations. The system
was intended to retain passengers in the face of increased congestion
at Love Field. Jetrail operated successfully from April 1970 to

January 1974, at which time Braniff moved to the new Dallas-Fort
Worth Regional Airport. Over six million passengers were carried
1.3 million miles over this four-year period without a fatality or
major mishap. The system did this in spite of the engineering novelty
and early, low reliability of the propulsion and control systems.

The Jetrail system continues to be used as an engineering test-bed
for a prototype linear induction motor propulsion system. This
latter system, called Astroglide, is being developed by PRT Systems
Inc. Since the motor has no moving parts, it is markedly simpler
than the rotary motor and drive train of the Jetrail system.

This report provides information on the Jetrail operational experience
and the Astroglide prototype for transportation planners, designers,

developers, and operators of automated transit systems for intra-
airport, urban, recreational, and freight applications.
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This study presents the results of an investigation of the Cabin-
taxi/Cabinlift Automated Guideway Transit (AGT) systems under devel-

opment in The Federal Republic of Germany. It was conducted under a

bilateral agreement between the U.S. Department of Transportation
and the German Federal Ministry of Research and Technology, and was

carried out jointly by The Transportation Systems Center (TSC) and

The Studiengesellschaft Nahverkehr mbH (SNV), during the Fall of 1976

and Spring of 1977. It is one of several domestic and foreign
assessments of AGT systems being conducted by UMTA. The Cabin taxi/
Cabinlift system is a technological concept designed for versatile
application to a cross section of transportation needs, rather than

a specific system designed for a particular application at a pre-
determined site. This report therefore (which is available in both
German and English), describes the overall design and development
philosophy adopted by the manufacturers, the existing and planned
technology and system concepts, the development experience to date,
and the costs and performance levels achieved through several years
of design refinement and test track experience. The system has not
been deployed for use by the general public, with the exception of
a single-vehicle shuttle system installed between two hospital
buildings in Ziegenhain, Germany. Appendix A provides a brief
description of the technology of this system.

The purposes of this study are to: (1) gather and exchange infor-
mation on Automated Guideway Technology to better understand the state
of technological advancement and to obtain synergistic improvements
for future development; (2) review problems and solutions encountered
during the design, development, implementation, and operation of AGT
systems in order to improve the process based on experience; (3)
obtain information on engineering, economic, operational performance,
and public response which can be used in planning AGT systems; and
(4) provide urban planners with information which will enable them
to determine the applicability of AGT systems to their specific

- transportation problems.

The system concept is still evolving. Most of the components have
reached a high level of maturity, while the technical development
of others has just begun. The system has broad flexibility for

application.
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This document is intended as a management oriented guide to the
rail vehicle maintenance scheduling problem and to the new model
(MASSTRAM) developed for evaluating such schedules. This final
report outlines and discusses a three phase project for the develop-
ment of a conversational computer system for the cost-effective main-
tenance of heavy equipment in urban mass transit systems. Phases I

and II consisted of operations analysis of maintenance activities
at selected properties with a concentration on maintenance procedures
at the Massachusetts Bay Transportation Authority (MBTA). Phase III

consisted of the development of a model, called MASSTRAM (Maintenance
Analysis and Scheduling System for Transit Management).

A new model, called MASSTRAM, has been designed to be compatible
with whatever information system a transit property uses for
collecting and storing information on vehicle maintenance and repair
activities. MASSTRAM has the ability to evaluate the cost and
service loss implications of any specified maintenance strategy,
given the prevailing maintenance/breakdown relationships. In

addition the model can be used to generate an "optimal" preventive
maintenance schedule, i.e., one with the least cost of a given
expected level of fleet service disruptions. A "User's Manual"
has been written for MASSTRAM containing detailed explanations of
all the options available. MASSTRAM is now operational. MBTA plans
to incorporate MASSTRAM in their Computerized Maintenance Records
System when their system is completed. The values of MASSTRAM
rest with the use to which it is put by transit management and

staff, and with the ability of existing information systems to

provide the model with up-to-date accurate information in the

required formats.

The other two MASSTRAM reports are: "User's Manual for MASSTRAM"
(PB 285-450) and "MASSTRAM Source Listing" (PB 285-451).
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The Office of Technology Development and Deployment of the

Urban Mass Transportation Administration (UMTA) is sponsoring
projects that require the development of performance measures
that will be used to evaluate the cost effectiveness of current
and planned Automated Guideway Transit (AGT) systems.

The purpose of this workshop was to identify performance
parameters and develop measurem.ent and computational techniques.
The workshop centered around tv;o specific objectives: 1) to

review the status of parameter definitions; and 2) to review
the techniques used for the measurement and evaluation of AGT
system performance and establish significant trade-off items

for further study.

This workshop, conducted by UMTA's Office of Technology Develop-
ment and Deployment, discussed the meaning, specification, and

measurement of performance in AGT systems. The v/orkshop v;as

organized according to the following areas: Socio-Economic
Studies Project - AGT Assessments; Pre''iminary Performance
Measures for AGT Urban Deployabil ity; Preliminary Performance
Measures for the Systems Operations Studies; Advanced Mass
Transit Simulator; and Trade-Off Studies for AGRT.

This document contains the workshop presentation papers, discussion
results, and list of attendees.
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The study reported herein was undertaken to determine if new
information suitable for use in Automated Guideway Transit (AGT)
specifications of ride-quality could be derived from data taken
during the tests of four prototype AGT systems (the Bendix
Dashaveyor, the Ford Motor AGT, the Rohr Monocab, and the Otis
TTD system) at the Dulles International Airport in conjunction
with TRANSPO '72.

The purpose of this work was to establish acceptable ride-quality
levels for AGT vehicles and to define a means for measuring these
motions. A set of acceleration and jerk values is presented for
developing AGT ride-quality specifications in a universally accepted
format for these measurements.

In this report, the ride-quality acceleration measurements and the
ride-jury comfort ratings that were recorded during the Post-TRANSPO '72

test program have been examined for possible use in establishing
standards for the ride-quality of AGT systems. The four TRANSPO
systens, the techniques used for making the ride-comfort tests,
and data processing and analysis methods are described.

Results are presented for the vibratory motions associated with
travel at a constant speed over a straight guideway and for
transient events associated with starting and stopping, traversing
switch areas, and entering and exiting curves. Although the sample
is small, and some anomalies are present, the TRANSPO results
were found to be a unique source of data for defining ride-quality
standards.
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A class of new urban transportation systems currently receiving
wide attention is characterized by small, automatically controlled
(driverless) vehicles on dedicated guideways. The successful
operation of such Automated Guideway Transit (AGT) Systems requires
longitudinal control techniques that assure accurate vehicle speeds
and spacings and high levels of reliability and safety at headways
significantly smaller than those found in conventional transit.
This report documents an investigation of the generic characteris-
tics of the point- follower (or moving-cell) approach to the control
of longitudinal speed and spacing of vehicles in an AGT system.
The effort was carried out as part of the automatic vehicle control
studies sponsored by the Urban Mass Transportation Administration
of the U.S. Department of Transportation.

This document consists of a three-part study that examines the
generic characteristics of the point- follower approach to vehicle
control for AGT systems, under which vehicles are constrained to
follow electronic signals that move along the guideway with pre-
determined speeds and spacings. The first part of this study
involves a kinematic analysis of point- follower control during
speed transitions and point- transfer maneuvers that are generally
required to resolve merge conflicts. This analysis considers the
effects of operational parameters such as line speed, acceleration
and jerk limits, vehicle length, headway, and length of maneuvering
regions to accomplish merges. The second part consists of a dynamic
analysis of point-follower control, formulated as a problem in
classic control theory. Classic control theory is applied to obtain
a feedback control system that causes the vehicle to track the
moving point with satisfactory accuracy In all nominal modes of
operation and in the presence of transient or steady-state exter-
nal forces such as wind loading. The final part addresses the
traffic-merging problem by development of quasi -synchronous control
algorithms for resolution of merge conflicts at network intersections
of various geometries. The performance of each algorithm developed
in the study was evaluated by computer simulation.
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Vehicle-following in an automated-guideway transit (AGT) system
is a longitudinal control scheme where the state of a given vehicle
is determined by the behavior of the preceding vehicle. This study
represents the initial phase of an investigation that must be con-
tinued in order to determine the feasibility of implementing a

state-constrained vehicle-following controller into a real system.
This report documents an investigation into the automatic longitudi-
nal control of vehicles using a vehicle-follower strategy in the
short-headway range operation (0.5 to 3 s). The principal focus
of this study is the recognition that the kinematic constraint
(i.e., an inequality constraint on the state variables) must be
included in the problem formulation.

This study states that at short- time headways a kinematic constraint
on vehicle operation arises as a consequence of the velocity,
accelerations and jerk limits imposed to assure passenger comfort.
This constraint requires a trailing vehicle to maintain a spacing
such that it may react to nominal (non -emergency) preceding-
vehicle maneuvers without collisions and without exceeding service
jerk and acceleration limits. A nonlinear feedback controller is

designed to force the vehicle to follow the kinematically requir-ed

spacing until the desired headway is attained. The design is

based on a technique that uses an optimal feedback control with
state constraints. Several suboptimal controls with reduced informa-
tional requirements are also presented, thus producing an easily
instrumentable controller that properly responds to all possible
nominal maneuvers of a preceding vehicle.

This report presents the principal accomplishments of this effort,
namely, for the first time the state constraints inherent in a

vehicle-following strategy are expressed as part of the control
scheme. It also concludes that the technique presented herein has
been shown to admit a workable solution to the vehicle-following
problem at short headways. Additional verification of its applica-
bility to a real system leads to the suggested areas for investiga-
tion outlined in this report.
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Public debate currently exists on the best way to improve and
increase use of public transit equipment by the elderly and handi-
capped. This document is the result of a study conducted by
AM General under a contract with the Urban Mass Transportation
Administration of the U.S. Department of Transportation, to investi-
gate the feasibility and practicality of incorporating a wheelchair
lift platform (level change) device for the standard 40-foot transit
bus that would provide safe ingress and egress for wheelchair-
bound passengers. This report describes the background and con-
ceptual device to board such passengers. In addition, it also
covers seating, wheelchair positioning, and securing the wheelchair
once on board.

The recommended lift design for use on the standard 40-foot bus is
controlled by the driver by a set of electric switches. This lift
is under control of the seated driver at all times. It is powered
by hydraulics from either an existing power steering pump or a
separate pump. The platform folds into a normal step and stepwell
configuration when in the stowed position and has no effect on
normal bus operations. It adds approximately 400 pounds to the
weight of the bus and has a recommended platform load capacity of
1,000 pounds. The estimated costs of a wheelchair lift and
restraint system option are in the range of $6,000 to $8,000 per
bus for equipment similar to the recommended design. The bus front
entry door was selected as the best location for this lift device.
Based on the installation of a prototype lift device on an AM General
bus, no major problems are anticipated for the installation of such
a device on any current design 40-foot transit bus.
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This report is the second of three documents that constitute an
evaluation of the Double Deck Bus (DDE) Project sponsored by the
Urban Mass Transportation Administration. The DDB involved the
purchase and operation of contemporary double deck buses in New
York City and Los Angeles (July 1974-June 1977). The primary
objective at the two sites was to assess potential increases in
vehicle productivity in an express, limited busway service (L.A.)
and in regular service (NYC). DDB carry from 68-84 passengers;
and conventional buses carry from 45-47 passengers. Both buses
require a single transit employee, the driver. This report
provides a comparative evaluation between the eight British
Leyland double deck buses and four conventional GM buses in New York.

In New York City, eight Leyland double deck buses replaced eight
conventional buses on two bus routes characterized by congested
traffic, heavy passenger loads, frequent stops, and frequent
passenger turnover. Only seven months of revenue service data
were analyzed, due to delays in manufacturing and in satisfying
U.S. safety and environmental requirements. The evaluation
considers passenger acceptance/perceptions of the DDB vis-a-vis
the conventional bus. Statistics are presented on schedule
adherence, dwell times, passenger throughput, vehicle reliability,

on-board safety, repair and maintenance costs, and fuel and oil

consumption. This report concludes that: passengers preferred the

DDBi there were no serious problems with the use of internal stairs

nor with crime or vandalism on the second level; the DDB project
was hampered by problems related to the purchase of foreign vehicles
and their re-design to meet American requirements; and the results
favored the incorporation of the double decker into the American
bus fleets from both an economic and level-of-service point of view.

Other reports are: "The Double Deck Bus Demonstration Project:

Executive Summary," May 1978 (UMTA-MA-06-0049-78-7); and "The Los

Angeles Double Deck Demonstration Project: An Evaluation,"
May 1978 ( UMTA-CA-06- 0069- 78-1 )

.
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This report documents the Phase I results of a program--Study of
Flywheel Energy Storage-- investigating the use of flywheel storage
as applied to fixed-route, multistop, rubber-tired, urban transit
vehicles. The program, established by the Urban Mass Transportation
Administration of the U.S. Department of Transportation in 1976,
has an ultim.ate objective of hastening the changeover to electric
propulsion from today's petroleum- powered transit vehicles.

The objective of Phase I was to evaluate the application of flywheel
energy storage to a broad spectrum of electrically powered urban
transit vehicles and to identify the systems which could meet the
established mission requirements as well as use state-of-the-art
technology that can be in service in the next 24 months.

This document is the final report for Phase I of this flywheel storage
program, and it summarizes the results of each of the six tasks of
Phase I: Requirements Study; System Concept Study; Supporting
Engineering Design and Analysis; Life-Cycle Cost; Development Plan
for Phase II; and Technological Advancements. Charts, tables, major
conclusions and recommendations are provided. The Appendixes (A-L)

chart out such items as system requirements; flywheel /motor energy
storage packages; life-cycle cost analysis, methodology, and worksheets;
modularity in design; and a list of references. This report concludes
that flywheel energy storage is a promising technique for reducing
dependence upon petroleum fuels by urban transit buses as well as
offering environmental improvement potentials to transit operators.
The study recommends that a hardware development program be initiated
for flywheel propulsion systems applicable to urban transit vehicles.

Other related Phase I reports are available in 5 separate volumes,
respectively: "Executive Summary" (PB 282-652); "Systems Analysis"
(PB 282-653); "System Mechanization" (PB 282-654); "Life-Cycle Costs"
(PB 282-655); and "Vehicle Tests" (PB 282-656).
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This document is a final evaluation of the Cleveland Neighborhood
Elderly Transportation (NET) System. The Cleveland NET project
was implemented in March 1975 with the purpose of providing per-
sonalized door-to-door transportation services for elderly persons
within three inner-city neighborhoods. Operations and vehicle
maintenance were provided by the Cleveland Transit System/Regional
Transit Authority on a daily basis with 12 buses specifically
designed and equipped to serve the elderly and the elderly-
handicapped. Service was obtained at 10 cents per ride by tele-
phoning a scheduling/dispatching center.

This document describes the Cleveland NET Demonstration Project
in terms of the description and operation of the transportation
system, the operational agencies involved, the test area, and the

operational results. It also includes an analysis of the opera-
tional problems encountered, the costs incurred, and the suggested
means for improving service and reducing the costs. Results of
the surveys of users and non-users of the service are also presented
in an attempt to assess the social impacts and benefits relative to
costs. Observations are presented on the end results of the demon-
stration, the type of post-demonstration system that has been imple-
mented by the local agencies, and the analysis/decision making
process used by these agencies in formulating their plans. A
specific section is included on the transferability of results to

other areas.

This report concludes that significant cost reductions would be

possible if certain operational changes were made which would
limit hours of operation and advance reservations of certain
trips.
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This report presents incidence rates, characteristics, and travel
patterns of transportation handicapped and able-bodied elderly (65
and over) persons. A functional definition of handicap is used
based on a person's ability to perform eight activities often
required in traveling. Those identified as transportation handi-
capped are further classified as moderately or severely handicapped.

Tables and discussions are presented on demographics, health
problems, use of mobility aids, and trip rates, purposes and modes,
and origin/destination patterns. A section is devoted to functional
problems in using public transportation versus handicap classifi-
cation, health problems, and use of mechanical aids. Respondents
are evaluated in their ability to use six different transit modes
ranging from a fixed-route regular bus to a door-to-door bus with
a lift. Wheelchair/walker users are analyzed separately.

Data for this report was derived from a 6,000 household survey
conducted in Portland. The survey design, questionnaires and
field procedures are described in this report.
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For several years the Urban Mass Transportation Administration (UMTA)
has been evaluating alternative fare structures and fare collection
techniques for use in mass transit. One of the techniques is that of
automated billing, where information on each ride is recorded and a

passenger is billed at the end of the month for the ride. The first
use and successful operation of an automated billing system was in the
Valley Transit District, serving the Naughatuck Valley, Connecticut.
Hence, UMTA has decided that a similar system should be implemented
in conjunction with a demonstration of special transportation services
for the elderly and handicapped in a medium sized city. Portland,
Oregon, was the site chosen for this demonstration; the Tri-County
Metropolitan Transportation District of Oregon (TRI-MET) is the
operating agency.

This report describes the TRI-MET Automated Billing System that has
been successfully introduced into service in Portland. TRI-MET is

using an automated billing system as part of its Special Needs Trans-
portation Project (The Lift) serving the elderly and handicapped. Users
of the service are issued an encoded credit-card-sized plastic bus pass.
Each time a passenger rides the bus the card is inserted in an on-board
car reader unit which records the code and other appropriate data on
a tape cassette. At the end of each day's operation data on the cassettes
are transmitted to a computer center. Itemized billings and statistical
reports are produced monthly. The authors state that although the

TRI-MET Credit Card Fare Collection does not represent the last word
in fare collection, It Is a major step forward in the introduction of
cashless systems.

The chapters of this report are: "The Lift" Special Transportation
Service; The TRI-MET Automated Fare Billing System; System Hardware;

System Software; and Future Developments.
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None of the current sedanrtype vehicles which constitute the basic
taxi cab adequately meet the needs of the marketplace in terms of
comfort, capacity, and accommodation of the elderly and handicapped.
This report reflects the view that a number of technological oppor-
tunities are available for solving this long-standing American
transportation need--a large, comfortable taxicab/paratransi

t

vehicle, and that the success of the paratransit program may depend
on the technology delivery process, since innovation does not occur
until a new product or service has successfully been accepted in

the marketplace. This report highlights the need to take the

existing state-of-the-art in vehicle technology and to convert it
into a disseminated vehicle in the marketplace so that it would
be profitable to manufacturers, operators, and users. Specifically,
this report focuses on the barriers to delivering a new paratransit
vehicle to the industry and it identifies the key issues which will

become relevant in the future as innovators attempt to market a

vehicle and its concomitant services to the riding public. This
report outlines UMTA's role with delivering this new technology
into the marketplace for paratransit services through the sponsor-
ship of a demonstration project for approximately 200 vehicles, that
is, a demonstration in which a new paratransit vehicle undergoes
extensive revenue-service perfoimance.

The basic theme throughout this paper is that the process of tech-
nology delivery is hampered by uncertainties/risks facing the manu-
facturers, operators, and users. This report identifies such
uncertainties/risks as actuarial data, driver training requirements,
vehicle performance characteristics, vehicle economics, market
structure, insurance, and local and federal regulations. There are
Flow Charts/Figures that aim to visualize the problems related to
the Technology Delivery Process and the Innovation Process. The
Appendices contain a view of the Chrysler Corporation and the
Checker Motors regarding the paratransit mode. This report also
contains a summary of findings and includes general recommendations
regarding the paratransit mode and its success.
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The purpose of the Urban Mass Transportation's RD&D Program is to
provide information about a. wide spectrum of possible improvements
to urban mass transportation systems which communities can use in

selecting the best way to deal with their particular transportation
requirements. The principle means of providing this information is

to publish annually a compilation of reports on the status of UMTA's
projects. Research projects are intended to produce information about
possible improvements in urban mass transportation. The products of
research projects are reports or studies. Development projects involve
fabrication, testing and evaluation of new equipment, facilities,
systems or methods, and the products of these projects include proto-
type hardware, test results, and reports. Demonstration projects
introduce, on an experimental basis, new methods, equipment or systems
of urban mass transportation into a representative urban environment.

This volume lists and summarizes the research, development and demonstra-
tion projects funded under Section 6(a) of the UMTA Act, as amended
(78 Stat. 302, 49 U.S.C. 1601 et seq.), and comprises summaries of all

RD&D projects, either initiated, active or completed as of 30 June 1972.

Also included are projects funded under an earlier pilot program of
demonstration grants, authorized by the Housing Act of 1961. Not
included are activities funded for general technical support only,
rather than for the conduct of a discrete study. Since this compila-
tion is cumulative, previous editions may be discarded without loss.

However, those who wish to have a full record of UMTA's RD&D activity,
are advised to retain this edition. Future compilations will be supple-
ments to this volume, containing descriptions of only those projects
which will have been either initiated or completed during the preceding
fiscal year. Contained in this report are Appendix A: "New Systems
Studies" and Appendix B: "Conversion Tables of the Revised Project
Numbering Systems". The annual supplements that comprise UKTA's RD&D
projects are: "Improving Urban Mobility: A Directory of Research,
Development and Demonstration Projects in Public Transportation, June
1973" and "Innovation in Public Transportation: A Directory of Research,

Development and Demonstration Projects, 30 June 1974 and Fiscal Years

1975 and 1976" (three separate reports with the same title). All of
these reports are available from the National Technical Information

Service. The Annual Report for FY 1977 will be available within the

near future,
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The purpose of the Urban Mass Transportation's RD&D Program is to

provide information about a wide spectrum of possible improvements
to urban mass transportation systems which communities can use in

selecting the best way to deal with their particular transportation
requirements. The principle means of providing this information is

to publish annually a compilation of reports on the status of UWTA's
projects. Research projects are intended to produce information about
possible improvements in urban mass transportation. The products of
research projects are reports or studies. Development projects
involve fabrication, testing and evaluation of new equipment, facili-
ties, systems or methods, and the products of these projects include
prototype hardware, test results, and reports. Demonstration projects
introduce, on an experimental basis, new methods, equipment or systems
of urban mass transportation into a representative urban environment.

This report is a supplement to the 1972 comprehensive volume, and con-
tains updated descriptions of research, development and demonstration
projects sponsored and funded by UMTA, and which were initiated, active
or completed in FY 1973. These projects were conducted under the
authority of Section 6(a) of the UMTA Act, as amended. It contains an

index which is broken down by project number, contractor, geographical
location, and subject. The project numbering scheme used in this volume
was changed in FY 1972 and conversion tables from "old" to "new" project
numbers are provided in the 30 June 1972 report compilation, but are
not repeated in this supplement. The annual volumes that comprise
UMTA's RD&D projects are: "Research, Development and Demonstration
Projects, 30 June 1972" (this report is an historical record of all
projects funded earlier under authorization of the Housing Act of 1961,
and is available from the National Technical Information Service, NTIS
Order Nun4)er PB 213-228), and "Innovation in Public Transportation: A
Directory of Research, Development and Demonstration Projects, 30 June
1974" and for Fiscal Years 1975 and 1976 (three separate reports with
the same title), which are also available from NTIS. The Annual Report
for FY 1977 will be available within the near future.
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The purpose of the Urban Mass Transportation's RD&D Program is to
provide information about a wide spectrum of possible improvements to

urban mass transportation systems which communities can use in select-
ing the best way to deal with their particular transportation require-
ments. The principle means of providing this information is to publish
annually a compilation of reports on the status of UMTA's projects.
Research projects are intended to produce information about possible
improvements in urban mass transportation. The products of research
projects are reports or studies. Development projects involve fabri-
cation, testing and evaluation of new equipment, facilities, systems
or methods, and the products of these projects include prototype hard-
ware, test results, and reports. Demonstration projects introduce, on

an experimental basis, new methods, equipment or systems of urban mass
transportation into a representative urban environment.

This publication is a supplement to the 1972 comprehensive volume, and
contains updated descriptions of research, development and demonstra-
tion projects sponsored and funded by UMTA, and which were initiated,
active or completed in FY 1974, under Section 6(a) of the UMTA Act,
as amended. The report contains Appendices 1 and 2: "Availability of
Information on Federal Research and Development in Urban Mass Trans-
portation" and "Federal Grant and Procurement Contracts for Research
and Development in Urban Mass Transportation", respectively, and an

index broken down by project number, contractor, and subject. The
annual supplements that comprise UMTA's RD&D projects are: "Research,
Development and Demonstration Projects, June 1972" (this report is an
historical record of all projects funded earlier under authorization
of the Housing Act of 1961, and is available from the National Technical
Information Service, Order Number PB 213-228); "Improving Urban Mobility:
A Directory of Research, Development and Demonstration Projects in Public
Transportation, June 1973"; and "Innovation in Public Transportation:
A Directory of Research, Development and Demonstration Projects, Fiscal

Years 1975 and 1976" (two separate reports with the same title). All

of these reports are available from the National Technical Information
Service. The Annual Report for Fiscal Year 1977 will be available
within the near future.
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This report describes a study in which Battel le's Columbus Labora-
tories, through contract' with the Naval Underwater Systems Center
and under the auspices of the Urban Mass Transportation Administra-
tion, undertook a systematic examination of safety in urban mass
transportation. It's purpose was to provide data, information, and
analyses as support for preparing a Safety Guidelines Manual. The
work undertaken resulted in two documents. The report summarized
here: Safety in Urban Mass Transportation: Research Report ,

presents the results of the exploratory studies of safety which
resulted in a definition of the nature and extent of the safety
problems projected for urban mass transportation and a formulation
of a strategy for solving them. This report served as a conceptual
basis of the second document: Safety in Urban Mass Transportation:
Guidelines Manual (PB 245-413). The Guidelines Manual was addressed
to the programmatic implementation of the strategy through the appli-
cation of system safety principles in the transit industry.

This research report covers three major topics: 1) an analysis of
the current state of safety; 2) determination of acceptable safety
levels; and 3) development of the Safety Guidelines Manual. Safety
performance in several modes of transportation are compared as a

basis for assessing the safety situation. Methods of establishing
acceptable safety levels and setting safety goals are analyzed. A
safety program is formulated for the urban mass transportation indus-
try wherein system safety principles are applied in this industry's
technical and institutional environment.

Conclusions are drawn that urban mass transportation, although
inherently hazardous, is not troubled by immediate, severe safety
problems. However, the study points out that these problems will
confront the industry as it moves into use of new, high-performance
technology where traditional approaches to safety will not suffice.
Also, less severe, but real problems with occupant injuries and non-
occupant fatalities and injuries concern the industry today and merit
remedial action. Management and methodological approaches are recom-
mended for meeting these safety problem areas.

This report contains a Listing of References.
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A demonstration project designed to explore the feasibility and
transportation service impacts of the transportation brokerage
concept is currently underway in Knoxville, Tennessee. The
transportation broker seeks to identify and match transportation
supply and demand across a wide range of users, providers, and
modes. The two-year (July 1975-July 1977) demonstration project
is funded by the Urban Mass Transportation Administration as part
of the Service and Methods Demonstration Program.

This interim report describes the brokerage system concept and
documents the activities leading to the implementation of the
brokerage system in Knoxville. Included is a discussion of the
various institutional and regulatory barriers to participation
by private providers (a key element of supply) and how some of
these were overcome. The Knoxville pre-operational experience
is potentially of interest and applicability to other locales.
Information for this report was gathered through an in-depth review
of existing documentation, and personal interviews with representa-
tives of the University of Tennessee, City of Knoxville, and
various legal agencies.
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This report is a description of the operational development of the

corranuter transportation brokerage system that was in operation in

Knoxville, Tennessee from 23 October 1975 through 30 June 1977.

When the Knoxville Commuter Pool (KCP) was established, the concept
of a transportation broker came into effect with the intention that
if it proved workable, it would become an arm of the proposed City
Department of Transportation. Commuter services were the primary
object of the effort, since commuters composed the group which was
most easily identifiable and the area where the greatest possible
benefit would be felt. The initial purpose of this research was
to develop and operational ize a multi -modal public and private
transportation service throughout the Knoxville metropolitan area.
This plan would allow each form of transportation to provide the
service that it could most effectively furnish, and would offer
transportation options to most parts of the community that could
not be served at that time. The instrument through which the proj-
ect objectives would be obtained was the transportation broker who
could coordinate all modes of transportation. The broker would
not promote one mode of transportation over another, but would
promote all modes in order that the broad objectives of the commu-
nity would be met. Each individual commuter or group requesting
service would be provided with a series of transportation alterna-
tives that permitted the highest level of service at the lowest
possible cost. These alternatives included vanpooling, which this
study addresses extensively.

Although this report covers a two-year period, only approximately
18 months were used for operational purposes. KCP is now working
under the City Department of Transportation, and its future plans
include a continued effort to find better ways to promote all forms
of ridesharing within the metropolitan area. There was not time to
realize the full potential of the brokerage concept by 30 June 1977.
However, sufficient accomplishments were achieved to show that the
concept has the potential to solve many of the transportation prob-
lems with which cities are now faced. Also, Volume I: Philosophy
and Institutional Issues , will be published within the near future. .
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This volume is a reference document prepared by the Urban Mass

Transportation Administration (UMTA) and serves as a guide to

313 reports generated under contract to UMTA. This document

reflects UMTA's continuing commitment to the dissemination of

technical report information to government, state, and local

transportation planning bodies, private industry, and the

general public.

The types of documents abstracted in this volume are, by section:

I) Technical Studies; II) Research, Development, and Demonstration

Project Reports; and III) University Research and Training Reports.

Section IV contains complete indexes to the volume by report title,

personal author, corporate author, geographic location, and keywords.

All reports in this document are available for sale at the National

Technical Information Service (NTIS), Springfield, Virginia. Each

abstract contains an NTIS order number and price for paper copy.

Most documents are also available in microfiche. Volumes I, II, and

III of the URBAN MASS TRANSPORTATION ABSTRACTS are also available

at NTIS. The order number for Volume I (October 1972) is PB 213-212;

the order number for Volume II (September 1973) is PB 225-368; and

the order number for Volume III (July 1976) is PB 264-905.
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The purpose of the Urban Mass Transportation's RD&D Program is to

provide information about a wide spectrum of possible improvements to

urban mass transportation systems which communities can use in select-
ing the best way to deal with their particular transportation require-
ments. The principle means of providing this information is through
annual publication of the compilation of reports on the status of indi-
vidual projects. Research projects are intended to produce information
about possible improvements in urban mass transportation. The products
of research projects are reports or studies. Development projects
involve fabrication, testing and evaluation of new equipment,facilities,
systems or methods, and the products of these projects include proto-
type hardware, test results, and reports. Demonstration projects intro-
duce, on an experimental basis, new methods, equipment or systems of
urban mass transportation into a representative urban environment.

This volume is a supplement to the 1972 comprehensive volume. Most of
completed RD&D projects included in this supplement have reports already
published or in the publication process, under the authorization of
Section 6(a) of the UMTA Act,. as amended. Volumes of Fiscal Years 1973
and 1974 serve as supplements to the 1972 issue, since they contain only
updated descriptions of those projects active in the fiscal year cited
in addition to projects initiated or completed during that year. This
issue also contains Appendices 1, 2 and 3: "Project Reports"; "Availa-
bility of Information on Federal Research and Development in Urban Mass
Transportation"; and "Federal Grant and Procurement Contracts for
Research and Development in Urban Mass Transportation", respectively,
and indices broken down by project number, subject, and contractor. The
annual supplements that comprise UMTA's RD&D projects are: "Research,
Development and Demonstration Projects, June 1972" (this report is an
historical record of all projects funded earlier under authorization of
the Housing Act of 1961); "Improving Urban Mobility: A Directory of
Research, Development and Demonstration Projects in Public Transporta-
tion, June 1973"; and "Innovation in Public Transportation: A Directory
of Research, Development and Demonstration Projects, 30 June 1974 and
FY 1976 (two separate reports with the same title). All of these
reports are available from the National Technical Information Service.
The Annual Report for Fiscal Year 1977 will be available from NTIS
within the near future.
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The purpose of the Urban Mass Transportation's RD&D Program is to
provide information about a' wide spectrum of possible improvements to
urban mass transportation systems which communities can use in select-
ing the best way to deal with their particular transportation require-
ments. The principle means of providing this information is to publish
annually a compilation of reports on the status of UMTA's projects.
Research projects are intended to produce information about possible
improvements in urban mass transportation. The products of research
projects are reports or studies. Development projects involve fabrica-
tion, testing and evaluation of new equipment, facilities, systems or
methods, and the products of these projects include prototype hardware,
test results, and reports. Demonstration projects introduce, on an
experimental basis, new methods, equipment or systems of urban mass
transportation into a representative urban environment.

This publication is a supplement to the 1972 comprehensive volume and

contains descriptions of current RD&D projects sponsored and funded by
UMTA, under authorization of Section 6(a) of the UMTA Act, as amended.
Volumes of Fiscal Years 73, 74, and 75 serve as supplements to the 1972
issue since they contain only updated descriptions of those projects
active in the fiscal year cited in addition to projects initiated or
completed during that year. This issue contains Appendices 1, 2 and 3:

"Project Reports"; "Availability of Information on Federal Research and
Development in Urban Mass Transportation"; and "Federal Grant and Pro-
curement Contracts for Research and Development in Urban Mass Transpor-
tation", respectively, and indices broken down by project number,
subject, and contractor. The annual supplements that comprise UMTA's
RD&D projects are: "Research, Development and Demonstration Projects,
June 1972" (this report is an historical record of all projects funded
earlier under authorization of the Housing Act of 1961); "Improving
Urban Mobility: A Directory of Research, Development and Demonstration
Projects in Public Transportation, June 1973"; and "Innovation in Public
Transportation: A Directory of Research, Development and Demonstration
Projects, 30 June 1974 and Fiscal Year 1975" (two separate reports with
the same title). All of these reports are available from the National
Technical Information Service. The Annual Report for Fiscal Year 1977
will be available from NTIS within the near future.
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This publication is a reference document prepared by the
Urban Mass Transportation Administration (UMTA) of the
U.S. Department of Transportation and serves as a guide
to 285 research reports generated by UMTA's University
Research and Training Grant Program. UMTA's University
Research and Training Grant Program v/as initiated in 1970
with award of the first grants that were authorized by

Section 11 of the Urban Mass Transportation Act of 1964,
as amended. This document reflects UMTA's continuing
commitment to the dissemination of information to government,
state and local planning bodies, private industry, and
the general publ ic.

The purpose of this document is to provide a listing of

abstracts of published reports for research projects supported
by UMTA's University Research and Training Grant Program.
The reports abstracted in this document are divided into
30 subject categories. Categories are arranged alphabetically

This document and all reports herein are available for
purchase at the National Technical Information Service (NTIS),
Springfield, Virginia 22161. Loan copies have been deposited
with TRISNET Regional Centers at the Transportation Library,
Northwestern University, Evanston, Illinois 60201, and the
Institute of Transportation Studies Library, University of
California-Berkeley, California 94720.
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During the last five years, several transit systems have experienced
large and sustained increases in ridership. The objectives of this
study were to identify and analyze the factors to which the rider-
ship increases are attributed and the techniques used to gain rider-
ship that are transferable to other systems.

The seven systems chosen for evaluation and the percentages of
change in ridership between 1971 and 1975 were: Eugene, Oregon,
411%; Madison, Wisconsin, 49%; Minneapolis-St.Paul , Minnesota, 40%;
Portland, Oregon, 57%; Salt Lake City, Utah, 118%; San Diego,
California, 114%; and Vancouver, British Columbia, 57%. All of
these cities possessed a common set of ingredients essential to

their successes in increasing ridership. These ingredients were
strong public and political support which resulted in the availa-
bility of substantial financial resources.

It was found that most ridership gains were in large part attrib-
utable to service expansion, especially the expansion and addition
of routes in areas that previously had been poorly served. Fares
remained constant or were reduced in all of the cities studied.
Furthermore, the energy crisis was credited with having an immediate
positive effect on transit use.

The types of techniques used in increasing ridership, which are
transferable to other systems, are in the areas of: 1) planning,
scheduling, monitoring, and evaluation; 2) marketing; 3) transpor-
tation system management; and 4) route structure.
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An Automated Information Directory System (AIDS) will provide
assistance to transit systems in disseminating transit informa-
tion to patrons by telephone. This document presents the per-
formance and technical specifications for AIDS, an Urban Mass
Transportation Administration sponsored project, to be demon-
strated and evaluated in service at the Washington Metropolitan
Area Transit Authority (WMATA) . The objective of this demonstra-
tion is to develop and evaluate a usable and effective computer
aided transit information system that can be used throughout the
United States, particularly where properties operate a complex
transit network.

Specifications for an AIDS are divided into two parts: a generic
part that can be used by most transit systems as a component of
a request for proposal, and a list of the characteristics specific
to WMATA. These characteristics include a description of WMATA's
present transit system and an estimate of future transit patronage.
A glossary describes some of the terms unique to the AIDS.
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This report (Volume I) discusses the first phase of the Auto Restricted
Zone/Multi-User Vehicle System Study undertaken on behalf of the Urban
Mass Transportation Administration. The purpose of the study is to:

1) investigate existing experience with auto restricted zones and
multi-user vehicle systems; 2) evaluate their feasibility as concepts
applicable to urban transportation systems; 3) identify and evaluate
potential sites for suitable demonstration projects; and 4) design
demonstration programs for selected sites. The general goals are to
preserve and enhance the attractiveness and vi tal i ty of urban centers,
to improve environmental quality of urban areas, and to encourage
increased utilization of non-auto modes of transport.

An auto restricted zone (ARZ) is a geographic area in which one or more
factors place limitations upon vehicular traffic. The underlying
characteristic of an ARZ as discussed in this study is that of a

district or zone distinguished by a higher degree of control over
vehicular traffic than the surrounding area. This report discusses a

wide range of techniques for ARZ which have been identified and cate-
gorized as physical, operational, economic, and regulatory control
measures. Within the focus of this study on physical and operational
measures of restraint, the techniques identified are already in coirmon

use and are therefore familiar and available for immediate implementation.
The investigation of existing experience with ARZ focuses on U.S. cities
and on European cities where the concept is most advanced, such as in
Copenhagen, Amsterdam and Vienna, and discusses its similarities and
differences. The investigation into the background and feasibility
of ARZ indicated that there are substantial opportunities for ARZ in
American cities. A number of key factors are identified for its
successful implementation, such as urban activity patterns, urban
design issues, transportation infrastructure, accessibility maintenance,
ARZ size, transportation policy impacts, and institutional and legal

factors

.

. This report contains Appendices A and B: Bibliography and Characteristi cs

of Pedestrian Areas in Europejan Cities , respectively. Volumes II through
IV of this study are: Multi-User Vehicle Systems; Feasibility Assess-
ment ; Auto Restricted Zones; Plans for Five Cities ; and Site Selection
Methodology, respectively. The five Technical Appendi ces are: Boston.

BurlingtonV Memphis , Providence , and Tucson Auto Restricted Zone Studies .
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Volume II was produced as part of the Auto Restricted Zone/Mul ti-User
Vehicle System Study sponsored by the Urban Mass Transportation Admin-

istration. It documents the results of an investigation into the
feasibility of Multi-User Vehicle systems (MUVS) as a mode of urban

transportation and which is often suggested as one solution to the

problem of transportation within congested urban areas. Under Phase I

of this study, a review of existing experience, an examination of key

factors, and an assessment of MUVS feasibility was conducted as the

first stage in a potentially in-depth research and experimental effort.

MUVS is a paratransit mode of transportation which consists of a fleet
of small user-operated vehicles available for rental between terminals
within a well-defined service area. Although this study considered a

wide array of potential vehicles, the basic concept examined herein is

similar to the various short-term rental cars. The goals and objectives
of the MUVS concept are to: 1) alleviate congestion and improve traffic
flow; 2) increase mobility; 3) provide an additional choice of mode;

4) reduce air pollution from vehicle emissions; 5) reduce noise;

6) conserve energy; and 7) reduce land requirements for parking. An

MUVS may be described in terms of its operating environment, fixed
facility system characteristics, vehicle design characteristics, and
operating policy. These characteristics will have a direct bearing on

the system's level of service, costs and patronage. A discussion of
the detailed examination of the existing experience with MUVS as a

Central Business District (CBD) circulation service is presented. This
type of system is explored in Amsterdam and in Montpellier, France.
Institutional factors, operating area characteristics, vehicle design,
operating policies, fare structure, and strengths and weaknesses of
each system are identified and compared.

The basic conclusion of the feasibility of MUVS is that while it serves
specific needs in particular situations, it is unlikely that it could
provide a vital and viable modal alternative for intra-CBD service with
or without auto restrictions. This finding of negative feasibility is

discussed. A bibliography on MUVS is also contained herein. Volumes
I, III and IV of the study are: Auto Restricted Zones: Background and
Feasibility ; Auto Restricted Zones: Plans for Five Cities ; and Site
Selection Methodology , respectively. The five Technical Appendices are

:

Boston , Burlington , Memphis, Providence , and Tucson Auto Restricted
Zone Studies .
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This report (Volume III) discusses the final phase of the Auto
Restricted Zone/Multi -User. Vehicle System Study undertaken on behalf
of the Urban Mass Transportation Administration. The purpose of the
study is to: 1) investigate existing experience with auto restricted
zones (ARZ) and multi-user vehicle systems; 2) evaluate their
feasibility as concepts applicable to urban transportation systems;

3) identify and evaluate potential sites for suitable demonstration
projects; and 4) design demonstration programs for selected sites.
This report documents the demonstration program designs for five cities.
In earlier phases of this study, techniques for traffic restraint were
outlined. This volume discusses the application of some of these
techniques to downtown areas of five American cities: Boston; Burling-
ton; Memphis; Providence; and Tucson. While these cities were not
selected as being representative samples of American cities, they do
cover a wide range of sizes and conditions and have many characteristics
which are shared by other cities. This shows the adaptability of the
ARZ concept to different conditions and reinforces the conclusion that
city size is not critical to ARZ success and that complete prohibition
of traffic is not the only option.

In each city, the approach of the ARZ planning team was keyed to local
plans and problems. Emphasis was on tailoring an ARZ plan to each
specific urban environment rather than imposing a preselected ARZ
strategy. The process began with a systematic examination of the
existing downtown infrastructure, which included such elements as recent
downtown economic trends, characteristics of street network, traffic
flow, transit services, patronage, parking and goods movement. Current
plans and projects already underway were also assessed for impact toward
ARZ planning. Objectives and opportunities for ARZ were formulated
and plans for each city concluded with an examination of impacts, costs,
and the necessary steps for implementation. It now appears that new
forms or applications of ARZ in the U.S. will evolve from existing down-
town malls. However, in the absence of major new programs to rebuild
the central city, a slow evolution of programs for auto restriction is

expected. Volumes I, II and IV of this study are: Auto Restricted
Zones: Background and Feasibility ; Multi-User Vehicle Systems: Feasi-
bility Assessment ; and Site Selection Methodology , respectively. The
five Technical Appendices are: Boston , Burlington , Memphis , Providence ,

and Tucson Auto Restricted Zone Studies .
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Volume IV was produced as part of the Auto Restricted Zone/Mul ti-User
Vehicle System Study sponsored by the Urban Mass Transportation Admin-
istration. It presents methodology followed in the selection of sites
for auto restricted zone (ARZ) demonstrations. Of more than 75 appli-
cants, five cities were selected for participation: Boston; Burling-
ton; Memphis; Providence; and Tucson. The report includes the design
of site specific programs to demonstrate this methodology in the five

selected cities. The program was structured into seven major work
elements which are outlined in the study. In the review process for

each city, the consulting team looked for indicators of past perfor-
mance, present commitment, future planning in institutional perfor-
mance, transportation factors, and urban form and opportunities.
Strong emphasis was placed on revi tali zation of the Central Business
District (CBD), which would be conducive to successful ARZ/MUVS demon-
stration programs. Six basic criteria were submitted to each city,
and are presented in the report. Forty-five cities responded in a

positive manner. The client and consultants reviewed this criteria to
assess potential for a successful demonstration. The review notes and
assessments were presented to the client in a separate report: Review
of Potential Demonstration Sites . As a result of the initial evaluation
process, the cities were classified into one of three groups: cities
with the highest potential; apparent high potential; and limited poten-
tial. The clients, TSC, and UMTA made the final selection of sites,
using a four-point process: city contact; initial screening; second
stage screening; and recommendation.

Several cities have developed the framework of a comprehensive approach
to the entire CBD. Other cities have instituted programs that, in time,
will restructure the transport balance within the center city. However,
the efforts to locate a suitable demonstration site and program for MUVS
were unsatisfactory, as none were identified. Further effort to iden-
tify a situation for an MUVS demonstration offers promise if further
evaluation is judged to be worthwhile. Appendix A: City Contact Docu-
mentation, Initial Contact Letter, and Information Request and Appendix B:

City Summary Fact Sheets , are contained herein. Volumes I, II and III
of the study are: Auto Restricted Zones: Background and Feasibility ;

Mul ti-User Vehicle Systems: Feasibility Assessment ; and Auto Restricted
Zones: Plans for Five Cities , respectively. The five Technical Appendices
are: Bos ton , Burlington , Memphis , Providence , and Tucson Auto Restricted
Zone Studies .
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This report is an Appendix to the Auto Restricted Zone/Multi-User
Vehicle System Study sponsored by the Urban Mass Transportation Admin-
istration. It is a proposal for an auto restricted zone (ARZ) and for
revised circulation patterns in downtown Boston. In the City of
Boston, the main problems can be summarized as congestion, conflict
of pedestrian and traffic, and confusion, rather than a lack of basic
vitality. This study seeks to remedy the current imbalance of pedes-
trian versus auto use, and to reduce the prevailing congestion in the
older downtown. The objective is not to eliminate vehicles, but to
promote a more appropriate balance in the use of public spaces, which
would enhance the long-range economic future as well as the environment
of the downtown area. The need to eliminate these problems, to create
an appropriate environment for the existing or potential activities,
and to improve connections among major activity areas are the basic
factors for an Urban Design Plan. The intent is to rely heavily on

making the most of what is already there. The goal for undertaking
this proposed ARZ plan is to encourage the continued physical and
economic revi talization of downtown Boston. The general objectives are
to: 1) set up a more balanced circulation framework; 2) make the streets
more attractive through an ongoing program; and 3) set up improved
environmental management programs for the area. The urban design issues
related to the general objectives are stated more specifically within
the text.

The report is comprised of Appendices A through D, which are: Urban
Design; Transit and Travel Demand; Traffic and Parking; and Goods
Movement. These Appendices are broken down into detailed chapters that
discuss the development, description, impact and evaluation of the Plan
concepts and address the ARZ plan proposals. It Is expected that the
program proposed here could aid the City in further capitalizing on the

substantial investments already made In the downtown, and could assist
with solving the general downtown congestion. The other Technical Appen-
dices In this study are: Burlington , Memphis , Providence , and Tucson
Auto Restricted Zone Studiii^ VoTu¥es I through IV are: Auto Restricted
Zones: Background and Feasibility ; Multi-User Vehicle Systems: Feasibility
Assessment ; Auto Restricted Zones: Plans for Five Cities ; and Site Selec-
tion Methodology , respectively.
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This report is an Appendix to the Auto Restricted Zone/Mul ti-User
Vehicle System Study sponsored by the Urban Mass Transportation
Administration, and is a proposal for an auto restricted zone (ARZ)

for the City of Burlington. With an improving downtown retail dis-
trict, the City is faced with increased competition from a proposal
for a major suburban shopping mall, as well as internal competition
from a recently completed shopping arcade in the downtown area. Such
competition pressure has been a primary incentive for local efforts to
drastically improve the character of the existing downtown retail area

through auto restriction and pedestrian improvements. The increases
in the economic health of the City have also created strong pressures
for physical change and for improving the quality of public space.
This concern has culminated in the current proposal for construction
of a four-block pedestrian mall. Also, while the City has made prog-
ress in establishing a popular public transit system, bus stops and
shelters are needed to make the system attractive and comfortable as a

major form of access to the downtown. Prior to Burlington's considera-
tion of an ARZ, it has been pursuing several Urban Design Plans which
are either complete or still in planning stages, and several of the
projects now comprise the main urban design components of the ARZ plan
proposed for the City. Four existing characteristics were assessed to
test the potential of an ARZ: quality of pedestrian environment;
quality of transit environment; retail environment; and real estate
development and historical rehabilitation. The Urban Design Plan con-
sists of two sets of elements: a circulation framework and a street
improvement program. The circulation framework described in the text
summarizes the way different circulation elements have been coordinated
and fitted into the downtown street system, and a technical description
of the functioning of each element is provided. The street improvement
program addresses a series of projects for the streets of the older
business district. This report is comprised of Appendices A through D:

Urban Design; Transit and Travel Demand; Circulation and Parking; and
Goods Movement, which are broken down into detailed chapters that dis-
cuss the development, description, impact, and evaluation of the Plan
concepts and address the ARZ plan proposals. The other Technical Appen-
dices in this study are: Boston , Memjshis , Providence , and Tucson ARZ
Studies . Volumes I through IV are: Auto Restricted Zones: Background
and Feasibility ; Mul ti-User Vehicle Systems: Feasibility Assessment ;

Auto Restricted Zones: Plans for Five Cities ; and Site Selection
Methodology , respectively.
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This report is an Appendix to the Auto Restricted Zone/Multi-User
Vehicle System Study sponsored by the Urban Mass Transportation
Administration, and presents technical analysis, data, and supple-
mentary information developed in the preparation of the Memphis ARZ
Demonstration Plan. The general approach of the ARZ study has cen-
tered on the identification and development of opportunities existing
in American cities for a reorientation to transit and pedestrian
travel. Much of that opportunity is defined by characteristics of
the vehicular and pedestrian networks and the traffic that uses them.

The circulation framework that is eventually developed as a principal
element of the ARZ plan requires coordination in the reallocation of
street space among transit riders, pedestrians, auto users, and goods
movements.

The approach taken in planning the circulation framework for the
Memphis ARZ was somewhat different than that used in the other demonstra-
tion design cities. Memphis had recently implemented a major change
in its downtown circulation system by closing ten blocks of the former
Main Street and creating the Mid-America Mall. The Mall is an active
place at midday during the week, but the evenings and weekends are
quiet. Given the density, auto orientation, and customary use patterns
of its citizens, the downtown is not likely to benefit from major
street closings or changes in traffic patterns. However, selective
and modest additions could extend the Mall to a larger district, pro-
vide better facilities for the now disadvantaged transit riders, and
encourage public/private joint development projects that could improve
street environment and support conversion of now-vacant buildings. At
this level, an ARZ demonstration could enhance the environment and activ-
ity potential of downtown Memphis. This report is comprised of Appen-
dices A through D: Urban Design; Transit and Travel Demand; Circula-
tion and Parking; and Goods Movement, which are broken down into detailed
chapters that discuss the development, description, impact, and evalua-
tion of the Urban Design Plan and address the ARZ proposals. The other
Technical Appendices in this study are: Boston , Burlington , Providence ,

and Tucson ARZ Studies . Volumes I through IV are: Auto Restricted
Zones: Background and Feasibility ; Multi-User Vehicle Systems: Feasi-
bility Assessment! Auto Restricted Zones: Plans for Five Cities ; and
Site Selection Methodology , respectively.
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This report is an Appendix to the Auto Restricted Zone/Mul ti-User

Vehicle System Study sponsored by the Urban Mass Transportation
Administration. It presents technical analysis, data, and supplemen-

tary information developed in the preparation of the Providence Auto
Restricted Zone (ARZ) Demonstration Plan. Several existing urban

design factors are critical to assess the potential for an ARZ in

downtown Providence. They are: pedestrian environment^ connections
between downtown districts; quality of transit environment; historical

quality and development potential; quality of economic environment;
and management of public spaces. These issues are discussed in the

text and the urban design proposals address these as problems that
the ARZ should help resolve.

The City of Providence built a mall in 1965, which was intended to

compete with the increasing number of suburban shopping centers and
to reestablish the downtown as the activity center of the City. However,
while pedestrian volumes still remain high, several stores on the mall
have closed. This trend suggests that the downtown may need solutions
other than just pedestrianization. Several plans and developments
that relate to the ARZ study have been proposed or are being prepared.
The City has advanced proposals to expand the mall along with a major
rehabilitation of its existing ARZ. This report addresses these pro-
posals and the feasibility of creating a major expanded ARZ in the down-
town. The program for Providence is expected to offer significant
benefits. It will offer new energy and a different direction for the

downtown and the program will be a building block to reestablish this

area as the center of life in the City. However, this can only be

accomplished if a balanced program of physical changes and growth of
fresh activity is pursued.

This report is comprised of Appendices A through D: Urban Design;
Transit and Travel Demand; Circulation and Parking; and Goods Movement,
that discuss the development, description, impact, and evaluation of
the Urban Design Plan and address the ARZ proposals. The other Tech-
nical Appendices in this study are: Boston , Burlington , Memphis , and
Tucson ARZ Studies . Volumes I through IV are: Auto Restricted Zones:
Background and Feasibility ; Mul ti-User Vehicle Systems: Feasibility
Assessment; Auto Restricted Zones: Plans for Five Cities ; and Site
Selection Methodology , respectively.
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This report is an Appendix to the Auto Restricted Zone/Multi-User
Vehicle System Study sponsored by the Urban Mass Transportation
Administration. It is a proposal for the preparation of an auto
restricted zone (ARZ) in Tucson. In order to revitalize the downtown,
the City plans include reinforcement of the public transit system,
construction of a major private office building and a public library,
studies for rehabilitation of in- town historic residential neighbor-
hoods, and attempts to attract new residential development downtown.
The revi talization has made considerable progress, but has not yet
succeeded in the critical area of attracting people downtown or keeping
the workers there for other activities. The government center and
the financial district are active during the work day, but are deserted
in the evenings; the new Civic Center is underused; and the shopping
areas are declining. In spite of the impressive physical improvements,
the downtown is still perceived by many as a confusing and unattractive
place. In considering an ARZ for Tucson, the main questions that had
to be answered were whether it could help in overcoming downtown's
negative image, in attracting and keeping people there, in unifying
and clarifying the new and old districts, and in creating economic
activity. If accompanied by trans it- related improvements; clarification
of parking access; and regularly programmed cultural, recreational, and
promotional activities, an ARZ could greatly improve the attractiveness
of downtown. The Urban Design Plan for Tucson consists of two sets of
elements: a circulation framework and a street improvement plan. A
technical description of the functioning of each element is addressed
in detail in the text. The report is comprised of Appendices A through
D: Urban Design; Transit and Travel Demand; Traffic and Parking; and
Goods Movement. These Appendices are broken down into detailed chapters
that discuss the development, description, impact, and evaluation of
the Urban Design Plan and the ARZ proposals.

The other Technical Appendices in this study are: Boston , Burlington ,

Memphis, and Providence Auto Restricted Zone Studies^ VFlumes I through
IV are: Auto Restricted Zones: Background and Feasibility ; Multi-User
Vehicle Systems: Feasibility Assessment; Auto Restricted Zones: Plans
for Five Cities ; and Site Selection Methodology , respectively.
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This is a study of the perfonnance and operations of electric
battery buses. This report presents a comprehensive assessment/
survey of the performance of electric battery buses operating
in passenger-carrying services in the United States, Europe,
Japan, and Australia. The survey assessed a total of 16 different
systems from 15 suppliers, operating under 18 public transit
authorities. These operations varied from single demonstration
vehicles to a fleet of 20 buses which provide all the transit
service on three routes. The status of electric battery bus
development is reflected in the fact that 57 buses have accumulated
more than 3.4 million kilometers (2.1 million miles) in passenger-
carrying service.

This assessment was accomplished through on-site data collection
and data analyses. Data analysis included translating the infor-
mation acquired from overseas visits and reducing the data on per-
formance and technical features to common terms for comparison.
In all, 36 agencies were contacted during the survey. This study
also addresses hybrid propulsion systems such as the trolley-
battery and diesel -battery hybrids. Hybrid bus systems assessed
by this study include the Dornier Duo-Bus, the Mercedes-Benz 0E305,
and the Tokyo Transportation Bureau models built by Kawasaki. The
scope of this report includes visiting the operating organization,
description of buses and propulsion systems, operational profiles,
operating experience, and analysis of data and conclusions about
the problems and constraints in the procurement and operation of
electric buses. There are tables that summarize the characteristics
of the battery and hybrid buses, the cost comparison of Duo-Bus,
and the site data for the bus operations. The Appendices contain
a listing of the contributors to the Electric Battery Bus Assessment
as well as a Bibliography.
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Evaluation of the San Bernardino Freeway Express Busway has
been going on since it was opened in January 1973. Beginning
in October 1976 and continuing through June 1978, carpools of
three or more were permitted on this previously bus-only facility
from 6-10 am and 3-7 pm. This report evaluates mixed-mode (bus
and carpool ) operations of the busway; it includes a summary of
the bus-only phase (Jan. 1973-Oct. 1976) as well as implications
of this research to other possible busway developments.

Data was collected from traffic studies and from written and oral

surveys. All of the surveys are described in detail in Appendixes
A through D of this report. This project has shown that busways
can be cost-effective, non-controversial, and a way of attracting
substantial numbers of solo auto drivers into buses and carpools.
There are about 2600 people now carpool ing as a direct result
of mixed-mode busway operations. Surveys show that public
opinion at all levels support the mixed-mode operation of the busway.

The San Bernardino Freeway Express Busway is an 11-mile, double-lane,
exclusive roadway for high occupancy vehicles, running eastward
from downtown Los Angeles. The busway lanes are physically
separated by either concrete or flexible barriers from those lanes
which serve auto traffic, making it a true rapid transit system
for buses and carpools. This $57 million system is the most
complete facility of its kind in the country, with off-line stations,
park-ride facilities, two uni-directional bus lanes, feeder bus lines,
outlying park-pool lots, and supplemented by a downtown reserved lane.

This busway offers a service that is competitive with automobile
commuting on the semi-congested freeway. The report concludes that
the user-cost savings, for busway- induced carpool ers and bus riders
only, cover two-thirds of the annual (capital and operating) costs
of the busway.
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This study is comprised of 6 reports that encompass all of the

major facets of a demand-responsive system. It is designed to

assist the Mid-America Regional Council and local government
agencies in the detailed service planning of Dial-A-Ride services
in the Kansas City Metropolitan Region. It specifically develops

model services for two major areas of the KCMR. A small pilot
system was applied in Independence, Missouri, and a larger pilot
system was applied in Johnson County, Kansas. The study presents
observations and recommendations for potential long range service
development in the entire KCMR, and points out that Dial-A-Ride
service requires ongoing review and updating in order to maintain
its viability and usefulness.

Report 1 presents background and existing developments of demand-
responsive systems in the KCMR. It presents relationships between
general public systems vs. specialized systems (which are provided
for the elderly and handicapped). It compares the various services,
their applicability and potential, funding, and points out the
limits and limitations of the Dial-A-Ride program.

It was found that Dial-A-Ride service to the general public should
be seriously considered for expansion of public transportation in
major portions of the KCMR, and especially in medium and lower
density suburban areas, and that specialized Dial-A-Ride service
for the handicapped is strongly encouraged over the entire
transit area.

The study includes the following separate reports: Report No.2 -

"Dispatching and Conmuni cations"; Report No.

3

- "Personnel and
Training for Dial-A-Ride"; Report No.4 - "Vehicles, Maintenance,
Fare Collection"; Report No.5 - "Management Information Systems";
and Report No.

6

- "Marketing and Public Information".
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This study is comprised of 6 reports that encompass all of the

major facets of a demand-responsive system. It is designed to

assist the Mid-America Reqional Council and local qovernment
aqencies in the detailed service planning of Dial-A-Ride services
in the Kansas City Metropolitan Region. It specifically develops

model services for two major areas of the KCMR. A small pilot
system was applied in Independence, Missouri, and a larqer pilot
system was applied in Johnson County, Kansas. The study presents
observations and recommendations for potential long range service
development in the entire KCMR, and points out that Dial-A-Ride
service requires ongoing review and updating in order to maintain
its viability and usefulness.

Report No. 2 describes the dispatching and communication require-
ments for small Dial-A-Ride systems, such as the small pilot
system in Independence, Missouri, and for a large integrated
system, such as the one proposed for Northeastern Johnson County,
Kansas. The report presents operating procedures and design and
cost considerations for the equipment of the systems, as well as a

qlossary of radio terminology.

It was found that Dial-A-Ride service to the general public should
be seriously considered for expansion of public transportation in

major portions of the KCMR, and especially in medium and lower
density suburban areas, and that specialized Dial-A-Ride service
for the handicapped is strongly encouraged over the entire
transit area.

The study includes the following separate reports: Report No.l -

"Dial-A-Ride Service Potential in the Kansas City Metropolitan
Region"; Report No.

3

- "Personnel and Training for Dial-A-Ride"

;

Report No.

4

- "Vehicles, Maintenance, Fare Collection"; Report No.

5

"Management Information Systems"; and Report No.

6

- "Marketing and
Public Information"
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This study is comprised of 6 re. .:- is that encompass all of the
major facets of a dems d-respo?^> ; system. It is designed to
assist the Mid-America Regional Council and local government
agencies in the detailed service planning of Dial-A-Ride services
in the Kansas City Metropolitan Regv n. It specifically develops
model services for two major areas of the KCMR. A small pilot
system was applied in Independence, Missouri, and a larger pilot
system was applied in Johnson County, Kansas. The study presents
observations and recomiendations for potential lona range service
development in the entire KCMR, and points out that Dial-A-Ride
service requires ongoing review and updating in order to maintain
Its viability and usefulness.

Report No. 3 is aimed at providing prospective operators of
relatively small Dial-A-Ride systems (up to about 20 vehicles)
or subsystem modules, with tested and workable guidelines for
the recruitment, scheduling, and training of personnel. The
report describes the basic personnel operations of the small
and large systems, and lists, the necessary duties of the
Dial -A- Ride project director; the operations supervisor; the
dispatcher; and the driver. Sample lesson plans, training
sessions, map and routing exercises, dispatcher and driver
evaluation checklists, and a self- training worksheet are included.
It was found that Dial-A-Ride service to the general public should
be seriously considered for expansion of public transportation in
major portions of the KCMR, and especially in medium and lower
density suburban areas, and that specialized Dial-A-Ride service
tor the handicapped is strongly encouraged over the entire
transit area.

In- .^l^tJ'^i^^'^^.^
following separate reports: Report No.l -

Dial-A-Ride Service Potential in the Kansas City Metropolitan
Region"; Report No. 2 - "Dispatching and Communications";

.

Report No.4 - "Vehicles, Maintenance, Fare Collection";

W r\-^-^ - "Manaqement Information Systems"; and Report No . 6 -
'Marketinq and Public Information". .
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This study is comprised of 6 reports that encompass all of the
major facets of a demand-responsi ve system. It is designed to

assist the Mid-America Regional Council and local government
anencies in the detailed service planning of Dial-A-Ride services
in the Kansas City Metropolitan Region. It specifically develops
model services for two major areas of the KCMR. A small pilot
system was applied in Independence, Missouri, and a larger pilot
system was applied in Johnson County, Kansas. The study presents
observations and recommendations for potential long range service
develooment in the entire KCMR, and points out that Dial-A-Ride
service requires ongoing review and updating in order to maintain
its viability and usefulness.

Report No. 4 is concerned with the maintenance and specifications
of Dial-A-Ride vehicles (or small buses). Considerations in

vehicle acquisition is discussed, such as procurement, leasing,
specification guidelines, and provisions for wheelchairs . Transit
fare collection equipment and related functions are discussed, and
alternatives to cash fares are presented, such as tickets or pre-
payment. However, an exact fare policy is strongly recommended,
preferably with provision for change-making with scrip, as its

acceptance is high for conventional transit, and it has simplified
operations and effectively reduced robberies.

It was found that Dial-A-Ride service to the general public should
be seriously considered for expansion of public transportation in

major portions of the KCMR, and especially in medium and lower
density suburban areas, and that specialized Dial-A-Ride service
for the handicapped is strongly encouraged over the entire transit
area

.

The study includes the following separate reports: Report No.l -

"Dial-A-Ride Service Potential in the Kansas City Metropolitan
Region"; Report No.2 - "Dispatching and Communications";
Report No.

3

~ "Personnel and Training for Dial-A-Ride"; Report No.

5

-

"Management Information Systems"; and Report No.

6

- "Marketing and
Public Information".

DATE: August 1976 PROJECT NO.: IT-09-0047
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This study is comprised of 6 reports that encompass all of the

major facets of a demand-responsive system. It is designed to

assist the Mid-America Regional Council and local government
agencies in the detailed service planning of Dial-A-Ride services
in the Kansas City Metropolitan Region. It specifically develops
model services for two major areas of the KCMR. A small pilot
system was applied in Independence, Missouri, and a larger pilot
system was applied in Johnson County, Kansas. The study presents
observations and recommendations for potential long range service
development in the entire KCMR, and points out that Dial-A-Ride
service requires ongoing review and updating in order to maintain
its viability and usefulness.

Report No. 5 discusses the role of management in a demand-
responsive system. Management's primary role is the continual
modification of service, in order that it may remain responsive
to the needs of the users. Data generated through the daily
operation of the system must be reviewed and analyzed, and the
primary sources of this data are the records developed by dis-
patchers and drivers, and periodic surveys of users and potential
users. The report shows how this data may best be used by
management in its decision making process. Sample tables, graphs,
and surveys are included.

It was found that Dial-A-Ride service to the general public should
be seriously considered for expansion of public transportation in
major portions of the KCMR, and especially in medium and lower
density suburban areas, and that specialized Dial-A-Ride service
for the handicapped is strongly encouraged over the entire transit
area.

The study includes the following separate reports: Report No.l -

"Dial-A-Ride Service Potential in the Kansas City Metropolitan
Region"; Report No.2 - "Dispatching and Communications";
Report No.3 - "Personnel and Training for Dial-A-Ride"; Report No.

4

"Vehicles, Maintenance, Fare Collection"; and Report No.6 -

"Marketing and Public Information".
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This study is comprised of 6 reports that encompass all of the

major facets of a demand- responsive system. It is designed to

assist the Mid-America Regional Council and local government
agencies in the detailed service planning of Dial-A-Ride services
in the Kansas City Metropolitan Region. It specifically develops

two major areas of the KCMR, A small pilot
in Independence, Missouri, and a larger pilot
in Johnson County, Kansas. The study presents

observations and recommendations for potential long range service
development in the entire KCMR, and points out that Dial-A-Ride
service requires ongoing review and updating in order to maintain
its viability and usefulness.

model services for

system was appl ied
system was applied

Report No. 6 deals with marketing (news coverage, displays,
promotion, advertising, etc^. It discusses the needs of the
users and how to arouse and hold the interest of current and
potential users. The marketing process for Dial-A-Ride systems
are functions which need to be performed by management. However,
they are not necessarily all to be vested in one department or
one individual. Marketing suggestions (brochures, newspaper
clippings, etc.), are included.

It was found that Dial-A-Ride service to the general public should
be seriously considered for expansion of public transportation in
major portions of the KCMR, and especially in medium and lower
density suburban areas, and that specialized Dial-A-Ride service
for the handicapped is strongly encouraged over the entire transit
area.

,

The study includes the following separate reports: Report No.l -

"Dial-A-Ride Service Potential in the Kansas City Metropolitan
Region"; Report No.2 - "Dispatching and Communications";
Report No.

3

- "Personnel and Training for Dial-A-Ride"; Report No.

4

"Vehicles, Maintenance, Fare Collection"; and Report No.

5

-

"Management Information Systems".
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This UMTA-sponsored study was conducted under contract from the

Port Authority of New York and New Jersey. The existing prototype
walkway at the Applied Physics Laboratory (APL), an experimental
tool, is the only in-line system available. This study was under-
taken as part of an overall assessment of accelerating moving
walk systems by the Port Authority of New York and New Jersey.

In this report, bunching is defined as the crowding of pedestrians
to such an extent that free movement is severely restricted. This
report evaluates and presents bunching as a potential problem on

in-line accelerating walkways. If riders move forward on the
constant-speed section, they may be spaced uncomfortably close
together during deceleration at the exit when the standing area
is decreased due to a reduction in the treadway surface.

This report studies the problem of bunching by a review of the

available literature, an examination of pedestrian area occupan-
cies, a demonstration of the behavior of 20 middle-aged riders on
an engineering model of such a walkway, and an interview. It was

concluded that bunching on an accelerating moving walkway requires
a specialized set of conditions that normally would not occur,
particularly if the problem is recognized and suggested pedestrian
controls are introduced to limit the effect.
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Recipients of grants from the Urban Mass Transportation (UMTA)

of the U.S. Department of Transportation are required to comply
with Title VI of the Civil Rights Act of 1964, as amended.
The purpose of this research project, conducted for UMTA's
Office of Civil Rights, was to develop a set of guidelines
for UMTA grant recipients to use in applying for certification
of compliance with Title VI of the Civil Rights Act of 1964,

as amended.

This study presents guidelines for grant recipients to use in

submitting proof of compliance with Title VI, and it provides

standards for Office of Civil Rights' reviewers to apply to

the material submitted to make a determination of compliance.

The guidelines and standards were developed after field surveys

and pilot testing.

This research project consists of two volumes. Volume I

contains an Executive Summary and Guidelines for Applicants.

Volume I summarizes the project, that is, it summarizes the

history, scope, and findings of research conducted on the

subject of equity in transit service during the period from

September 1975 to January 1977. Guidelines in Volume I are

to be used by urbanized areas applying for annual certification

of compliance with Title VI. There are four sections to the

guidelines with instructions preceding each section. Volume II,

a separate report, contains detailed information on the field

studies and their results. Volume II presents the rationale

for each data item requested and compares the guidelines with

the previously requested material (Exhibit N). Review standards

are included in Volume II. The Appendixes in Volume II contain

detailed information of the field tests and a listing of the

5 cities visited as well as the persons contacted during field
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Recipients of grants from the Urban Mass Transportation (UMTA)

of the U.S. Department of Transportation are required to comply
with Title VI of the Civil Rights Act of 1964, as amended.
The purpose of this research project, conducted for UMTA's
Office of Civil Rights, was to develop a set of guidelines
for UMTA grant recipients to use in applying for certification
of compliance with Title VI of the Civil Rights Act of 1964,
as amended.

This study presents guidelines for grant recipients to use in

submitting proof of compliance with Title VI, and it provides
standards for Office of Civil Rights' reviewers to apply to

the material submitted to make a determination of compliance.
The guidelines and standards were developed after field surveys
and pilot testing.

This research project consists of two volumes. Volume I

contains an Executive Summary and Guidelines for Applicants.

Volume I summarizes the project, that is, it summarizes the

history, scope, and findings of research conducted on the

subject of equity in transit service during the period from
September 1975 to January 1977. Guidelines in Volume I are
to be used by urbanized areas applying for annual certification

of compliance with Title VI. There are four sections to the

guidelines with instructions preceding each section. Volume II,

a separate report, contains detailed information on the field

studies and their results. Volume II presents the rationale

for each data item requested and compares the guidelines with
the previously requested material (Exhibit N). Review standards

are included in Volume II. The Appendixes in Volume II contain
detailed information of the field tests and a listing of the

5 cities visited as well as the persons contacted during field
V i s i ts

.
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Elderly persons, who are defined for this study as persons 65 or
more years in age, constitute 8.7% of the Sedgwick County popula-
tion and 9.7% of the Wichita population. The Metropolitan Transit
Authority (MTA) provides the elderly and handicapped persons with
a half- fare program that is in effect on all lines during all days
and hours of service. This half-fare program has been in effect
since January 1974, for persons who are 65 or more years in age,
and was expanded in January 1976 to include handicapped persons.
This half-fare program allows elderly and handicapped individuals
to ride MTA buses for 15 cents with free transfers.

The purpose of this report was to determine the size and location
of the elderly and handicapped population of Sedgwick County, Kansas,
identify the transportation resources available to this group, study
their transportation needs and problems, analyze alternative solu-
tions and, based on these findings, recommend actions designed to
improve the mobility of these persons. Major data sources for
this study include the annual Sedgwick County Intergovernmental
Enumeration, a survey of social service agencies and adult care
homes, and a survey of handicapped persons. An ad hoc Advisory
Committee for the Transportation Needs of the Handicapped, composed
of several handicapped individuals and representatives of agencies
that serve handicapped persons, offered constructive comments and
criticisms during preparation of this report. One of the more
important recommendations of this report is to provide special
transit services, such as peak-hour subscription service and off-

peak dial-a-ride, to wheelchair users and other handicapped persons.

This report presents recommendations regarding the transportation
needs of the elderly and handicapped. The Appendices contain forms

used for Survey of Elderly Persons, for Wichita Bus Rider Survey,
for Survey of Agencies and Care Homes, for Survey of the Handicapped,
and for 1976 Intergovernmental Enumeration.
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This document analyzes the impact of the Urban Mass Transportation
Administration (UMTA) Section 9 Technical Study Grants program on
urban areas' transportation planning effectiveness. It documents
a novel methodology and analysis procedure for measuring a program's
effect, and it is based on data from case studies of a representative
group of twenty urban areas, conducted during 1976, which are reported
in a companion report titled. "Transportation Planning Effectiveness:
Twenty Case Studies."

This analysis was designed to determine how Technical Study Grants
have impacted local transportation policy and decision-making and
have guided capital investments and service improvements. Specifi-
cally, the study reports the influence of Grants on transportation
planning effectiveness which is measured by the development of
professional planning capability, acquisition of new capital equipment,
introduction of new or improved services with existing facilities,
and alterations in the local institutional climate.

Data are drawn from case studies of urban areas which have received
at least one Technical Study Grant as of March 31, 1975. The twenty
urban areas represent all UMTA regions, a range of population sizes,
residential densities, and demographic characteristics. The case
studies are reported in a uniform format which focuses on transportation
planning effectiveness but also includes the urban areas' socio-economic
and travel characteristics, transit and transportation planning
history. Appendix A of this report summarizes the twenty case studies.

The conclusions suggest that the Technical Study Grants have been
directly responsible for upgrading the quality of local transportation
planning as well as for facilitating capital acquisitions and service
changes.
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Significant transportation planning for Baltimore was begun in the
early 1960's with an analysis of the long-range and specific urban
transportation requirements of the region; the long-term planning
and preliminary design process was accomplished between 1962 and
1973. The T9-6 (September 1971-December 1973) is one more step in

the continuing planning and design process leading to the construc-
tion and operation of a public rapid transit system in the Baltimore
region; it is administered and supervised by the Mass Transit Authority.

This report presents a review of the work completed and the results
achieved by the T9-6 Baltimore Rapid Transit project, and summarizes
the rapid transit development program to date, as well as the current
and future program leading to Phase I implementation. The purpose of
the T9-6 project was to provide preliminary engineering designs, design
criteria and guide specifications for the Phase I system; and to develop
additional studies and analyses relative to cost, schedule, and other
technical aspects to provide a basis for the current Phase I project.

The Phase I system includes the Northwest and South lines (about 28 miles
of line structure and 20 stations). The two Phase I lines are
completely grade separated along routes extending northwest and south
from Charles Center, and will provide frequent, high-speed, automated
rapid transit service utilizing modern steel wheel vehicles traveling
on steel rails. The two Phase I lines and corresponding stations are
illustrated herein. Final design is not included in this report. It

is anticipated that final design for the Phase I system will proceed
in subsequent work programs.

This report lists related studies--subcontracts and future programs,

and charts out the Phase I System and future service corridors.
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This report presents the findings of the Small Vehicle Fixed
Guideway System (SVS) Study conducted for the Twin Cities Area
Metropolitan Transit Commission (MTC). The purpose of this SVS
study is to provide sufficient and reliable information to citizens
and public officials of the Twin Cities Metropolitan Area as a

basis for determination of the best form of automatic fixed guide

-

way system to satisfy the needs of the area. The overall objective
of the SVS study is to develop small vehicle alternatives which
would be comparable in cost to the 57-mile Intermediate Capacity
Rapid Transit (ICRT) system approved by the MTC in December 1972,
and to offer a more demand-responsive service. Hence, the two
major points addressed in this report are: 1) the selection of
the optimum small vehicle system for the Twin Cities and 2) the
comparison of this small vehicle system with ICRT system plan.

This report presents the study background, policy direction, and
development of criteria for evaluation of candidate systems for
the Twin Cities Area. It also includes an analysis of the urban
design and community acceptance issues of a small vehicle system
from the standpoint of visual and environmental impact, safety and
security, cost and service as well as the industry's ability to
deliver an SVS from the standpoint of technology and satisfaction
of travel demands.

Group Rapid Transit (GRT) is recommended as the candidate small
vehicle system for the Twin Cities Area. This GRT network con-
sists essentially of distribution systems in the Minneapolis and
St. Paul metropolitan centers. The ICRT and the GRT alternatives
are compared in relation to each of the evaluation criteria
presented in this report. Alternative systems are paired for
overall comparison of dominant advantages and disadvantages. The
Appendices include the Act of the Minnesota Legislature authorizing
the planning of the SVS, and the interim transportation policies of
the Metropolitan Council.
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This report describes the analyses and findings resulting from a

technical study to investigate the special transportation require-

ments of the handicapped, elderly, and economically disadvantaged

persons in Lancaster County, Nebraska. It inventories the existing

transportation available to transit dependents, defines target

groups and latent trip demand, establishes ridership objectives,

and evaluates the costs and benefits of various alternative improve-

ment concepts. Four entities in the Lincoln area are currently pro-

viding transportation to transit dependent groups. These are the

Lincoln Transportation System (LTS) regular fixed-route systems,

the LTS Handi-Bus (a significant demand responsive service to urban
and rural elderly and handicapped persons), taxis, and social service
agencies. However, the key to the overall focus and purpose of
this study is to ensure that the mobility needs of urban and rural

transit dependent groups in Lancaster County are being adequately
met, and that their role in the planning and development of improved
transit services is secured.

In order to achieve these goals, a program has been initiated which
consists of the following elements: 1) maintain the existing Handi-
Bus system; 2) institute procedures to increase system productivity;
3) increase weekend and evening hours of operation; 4) implement
shared-ride taxi service as a supplement to the Handi-Bus service;
5) institute a reduced fare program on regular fixed-route service
for qualified low-income persons; 6) expand Handi-Bus service to
rural areas; 7) give additional study to a medical service shuttle
on the regular LTS system; 8) expand the Handi-Bus system if shared-
ride taxi service cannot be implemented; and 9) ensure that the transit
dependent groups are included in the continuing planning process for
special transportation needs.

The study points out that the program must include continuous review
and monitoring and should be updated annually. It is intentionally
flexible in order that various elements can be modified, added, or
deleted as necessary, based on the results of the monitoring and
surveillance program actions of appropriate decision-making bodies.
The report also contains Appendices A through H and Appendix I, which
is a bibliography.

NTIS ORDER NO.: PB 281 -640/AS PRICE: A09

- 137 -



TITLE: ERIE SHORT-RANGE TRANSIT TECHNICAL STUDY

AUTHOR: Simpson and Curtin

DATE: January 1977 PROJECT NO.: PA-09-0028

KEYWORDS:
1. Elderly
2. Fare
3. Handicapped

4. Management, Planning and Analysis
5. Marketing
6. Transportation Systems Management

The Erie Metropolitan Transit Authority (EMTA) is the major carrier
operating regular route service in both the Erie City and County area.
Since EMTA acquired the bus system from the Erie Coach Company in

1967, it has implemented a comprehensive program of transit improve-
ments that has turned around the ridership decline that was apparent
up to 1967 with the result that annually over 5.5 million passengers
are now carried on EMTA buses compared to the 3 million in 1967.

The purpose of this study is to update EMTA's 1969 Transit Develop-
ment Program, that is, to maintain planning and capital certifica-
tion, and therefore remain eligible for State and Federal funds.
This document contains the Transit Element of Erie's Transportation
System Management Program. The program's findings and recommenda-
tions serve as the six-year plan for maintaining and improving mass
transit in Erie. Improvements to transit in Erie have been identified
in five major areas: management, marketing, fare structure, service,
and capital.

This report presents the results of the transit update study which
are: 1) background information which includes a description of
existing services and an evaluation on how well services correlate
with specific community characteristics; 2) an examination of community
attitudes toward transit; 3) an evaluation of the adequacy of existing
service in terms of PennDOT standards and service; and 4) an examina-
tion of capital, management, and marketing improvements. Interviews,
discussions, and two public meetings were conducted in order to obtain
the attitudes and views of both the general public and the community
leaders regarding mass transit services in Erie. The Appendix con-
tains a synopsis of interviews with social service agency representa-
tives in Erie. This report suggests that the future for mass transit
in Erie will continue to be one where buses, rather than more elabo-
rate modes, will provide the basis intra-communi ty public transpor-
tation service.
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In 1964, State Act 450 created the Southeastern Pennsylvania Trans-
portation Authority (SEPTA) to provide for integrated mass transpor-
tation services in the five-county Pennsylvania portion of the
Philadelphia metropolitan area. Annual revenues approximates $95
million with another $30 million of commuter rail revenue collected
by ConRail. These revenues do not cover operating costs ($175 million
for year ending 30 June 1978 plus $80 million for ConRail commuter
rail). The SEPTA Management Study was commissioned by SEPTA's
funding governments to evaluate how well this mission was being
performed in consideration of the agency's budget constraints, and
to make specific improvement recommendations. This is the Final

Report and Executive Summary resulting from consultant efforts.

The SEPTA Study uses a series of diagnostics (peer group comparison,
case studies, flow charts, and organizational analysis) to identify
areas where SEPTA performance appeared unusual. Serious deficiencies
were identified in nine functional areas (Cash Handling; ConRail
Purchase-of-Service Agreement; Surface Transit Operations Planning;
Vehicle Utilization; Surface Transit Maintenance; Capital Project
Management; Pension Management; Quality of Transit Service; and
Regional Fare Integration) and seven additional improvement areas,

along with specified improvement objectives. A key question raised

during this study relates to the roles of the SEPTA Board and SEPTA's

funding agencies. A calendar for the most important milestones is

presented on a quarter-by-quarter basis over the next two years.

This Study concludes that SEPTA currently faces formidable management
challenges in a number of areas. There are two Study findings which
the author states are unusual to SEPTA: 1) The number of specific,

severe, problem areas that were identified in this report, and 2) The

attitudes within the organization such as, complacency and "fatalism"

that were also identified.
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The Commonwealth of Puerto Rico Metropolitan Bus Authority is in

the process of an overall improvement program directed towards
upgrading both the level and quality of service provided to its

customers. Despite the work that has been carried out in the

planning and scheduling aspects of the improvement program, the

number of buses in service has continued to decline below adequate
service levels. Management identifies this situation with inef-
ficient maintenance operations; therefore, such a situation
provides the justification for this study.

Th-is report presents the results of an extensive analysis of data
collected by the maintenance workshop staff. Both a fleet analysis
and shop analysis are carried out to evaluate shop performance,
and initial estimates concerning shop productivity are also deter-
mined. An integrated control system is developed for routine
utilization of shop data and monitoring of future shop performance.
The details and documentation of these systems are contained in

the Appendix of this report. Conclusions as well as recommendations
for increasing maintenance efficiency are also presented in this
report. The results contained herein are based on data collected
from March 21, 1975 to June 18, 1976 (298 working days).
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The purpose of this bus survey was to provide a current data base
which would assist in the rational planning and marketing of public
transportation in King County, Washington. This report presents
the methods and preliminary results of the transit patron origin
and destination survey conducted on May 23 and 24, 1973, on the
Municipality of Metropolitan Seattle (Metro) Transit System which
primarily serves King County. The survey consisted of two parts,
including a one-way (inbound) questionnaire distributed to approxi-
mately 58,000 passengers who boarded buses outside the Seattle
Central Business District (CBD), and a complementary survey ques-
tionnaire distributed to approximately 33,000 persons boarding
inside the Seattle CBD.

The results of the bus survey were processed and stored in machine-
readable form on magnetic tape. Data was summarized on both a geo-
graphic and demographic basis. Results of the survey were used in

several transit related projects during the data reduction phase of
the survey, and the Seattle Engineering Department, Traffic and
Transportation Division, is furnishing survey data to several local
agencies for projects now in progress. The survey produced data
which compares well with previous surveys. About seven of ten bus

riders had no automobile available and were "captive" riders. Six
out of ten trips were either to or from work. Two thirds of all

riders were women, and about one third of all bus riders transfer
at least once to complete their trip. According to this report,
the objectives of this study have been met satisfactorily.

The most important product of this survey is a data tape which
represents the trips made on the bus system on a typical weekday.

The data processing program which was used to produce the statistical
summaries in this report is called SPSS (Statistical Package for
the Social Sciences). This is a standardized program available
locally at several computer centers. There are many special pur-
pose plots and tabulations that have been produced from this survey
tape and are currently available. Prospective data users should
contact the Traffic and Transportation Division, Seattle Engineering
Department, for further information concerning survey data.
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The purpose of this Phase- II report is to provide information in a
consistent, comparable format on a wide range of alternative means
of providing for the travel demand in the 1-90 corridor across
Lake Washington. This report presents the findings of Phase II
of the study of withdraw and substitution, providing evaluations
of the performance and impacts of alternative concepts which were
initially developed in Phase I (PB 269-909). The Phase I report
study of withdraw and substitution alternatives presented 47 mass
transit projects for the Seattle/King County area which were
eligible for federal-aid funding as substitutes for Interstate 90
across Lake Washington. The PSCOG reviewed the Phase I information
and designed Phase II to address specifically those transit alter-
natives which provided for improvements across Lake Washington.
In this report. Phase II, eight alternatives are described at a
conceptual level of detail as well as the sub-variations. All
alternatives are developed in the general context of the region's
adopted 1990 Transportation Systems Plan, that is, nearly all data
in this report is based upon forecasts of travel conditions in the
year 1990.

This report presents data on a wide range of alternatives for
serving cross-lake travel, including guideway transit systems, bus
transit improvements, and combinations of bus/highway improvements.
Current federal laws and regulations regarding Interstate withdrawal
and substitution are discussed so as to point out important conse-
quences of these laws and regulations for decisions on 1-90. Other
major areas reviewed in this report are: 1) land use and regional
development; 2) transportation system performance; 3) economic and
fiscal feasibility; 4) environmental impacts; and 5) social impacts.

The PSCOG makes no recommendations in this report concerning a
final solution of cross-lake travel questions. The data serves to
inform and to facilitate dialogue concerning the alternatives so
that a consensus among responsible local officials and the con-
cerned public may ultimately be reached.
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Over the past decade, attempts to complete the Interstate High-
way 90 (1-90) project across Lake Washington, have been frustrated
by legal and public controversy. The 1973 Federal -Aid Highway Act
added a new policy for local officials, which was to withdraw an
interstate segment from the nationwide Interstate System and to
substitute a mass transit project in the same urbanized area. The
purpose of this report is to respond to the desire of local officials
to learn more about the range of eligible and available transit
opportunities to assist them in a decision as whether or not to with-
draw and substitute. This report does not recommend one transit
alternative, but rather describes five alternative concepts for
transit investment to serve the region with specific project options
within each alternative.

This report deals with mass transit substitution alternatives to
1-90. It is Phase I of a two-phase study of the mass transit
substitution question and provides a physical and operational
description of the characteristics of many transit alternatives
to 1-90 in terms of location in the same corridor or elsewhere,
in terms of different technologies, and in terms of route mileage
and costs. Phase II of this study (PB 270-377) will evaluate the
impacts of these transit alternatives in terms of travel demand
forecasting; mode split analysis; compatibility with regional
growth trends and policies; economic and fiscal feasibility; and
social, economic, and environmental impacts.

This report provides background information as to the purposes,
organization, history and legal setting of this study, and sum-
marizes the major findings related to the alternative technologies
and system concepts described herein. Relationships are explored
between cross- lake travel demand and public policy for growth,

development, and highway and transit service levels. Finally, this

report elaborates the legal history, current status, and technical
nuances of the 1-90 project and mass transit substitution provisions
of Federal law.
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The Municipality of Metropolitan Seattle (METRO) is a special-
purpose government serving, all of King County, Washington,
including the City of Seattle and the surrounding suburban cities.
METRO assumed responsibility in 1972 for planning and operating
public transit in King County, and it merged the existing Seattle
Transit System with suburban transit systems.

Magic Carpet is the name of the Seattle fare-free Central Business
District (CBD) bus service that was initiated in a 105 block area
of the CBD on September 9, 1973, and it is available 24 hours a day,
seven days a week. This fare-free zone was initially proposed as

a one year experiment to provide answers to whether or not the con-
cept of free downtown bus service was desirable. The overall objec-
tive of Magic Carpet service is to attract auto person trips to a

more efficient means of transportation, which is the transit bus.

This report presents the fare-free zone. Magic Carpet, evaluation
project. It consists of a series of surveys aimed at measuring the
effectiveness of downtown free buses in achieving the following
objectives: 1) improvement of downtown air quality; 2) reduction
of traffic congestion; 3) conservation of gasoline; 4) encouragement
of CBD peripheral parking; 5) encouragement of mobility; 6) increase
of midday patronage (transit shopping trips); and 7) stimulation of
retail trade. Surveys in this report indicate that fare-free bus

service is responsible for attracting $5,000,000 in retail sales.
The number of daily fare-free bus trips counted in June 1974 was
12,258, as opposed to the 4,100 daily bus trips made in the same
area in 1973. The findings of this study have encouraged the Seattle
and Metro Councils to continue the Magic Carpet service for at least
two more years, at a cost to the city of $100,000 per year. The
Seattle experience emphasizes that downtown transportation systems
can be designed and operated to give greater emphasis to within-CBD
circulation, as opposed to the traditional emphasis of improving
transportation system capacity to and from downtown. This report
concludes that fare-free service produced exceptionally positive
results and is worth continuing. The data in this report should
enable other cities to estimate how fare-free service would fit
in their comnuni ties.
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Rapidly rising operating costs in transit over the past decade have
increased the emphasis on improved management and better utilization
of existing facilities. With these changes in priorities, techniques
to assist the evaluation of public transit performance are needed.

The objective of this research is to establish a rationale for the
development of performance indicators for transit; to analyze
potential indicators; and to apply a limited set of indicators to
data collected from transit properties in the states of California
and Washington. The focus herein is on the Federal and State levels
of government. The procedure is designed to develop and test
criteria for the evaluation of performance of transit properties
in different locations, of differing size, and with different
operational procedures.

This document presents the rationale and developmental structure for
the evaluation of transit performance through quantitative performance
indicators. It specifies efficient and effective transit service
as appropriate goals to be encouraged by Federal and State governments
and identifies three efficiency and six effectiveness indicators
which focus on significant aspects of performance. Using operating
and financial data collected from 47 public transit operators in

California and 5 operators in Washington, the selected performance
indicators are analyzed for comparability of values between different
modes of transit, different service area population densities, and
different organizational types. The performance indicator values
for selected transit properties are individually interpreted to

demonstrate the analytic use and limitations of indicators. Potential
uses of performance indicators are identified and areas requiring
additional research are described. The Appendices include the fol-
lowing: Literature Search; Listing of Properties; Operating and
Financial Data; and a Glossary.
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The purpose of this paper is to examine and report on the potentials
of simplifying the activity of trip distribution modeling. The
method suggested is elementary analysis, which is a systematic proce-
dure for extracting column and row effects from a matrix of data,
which yield a residual matrix. Requisite for the method is an 0-D
matrix, which is first transformed to logarithms before column and
row averages are substracted, resulting in a residuals matrix. The
same operation is performed on a matrix of distances among the zones
analyzed above, yielding a distance residuals matrix. These two
residuals are graphed to determine the friction term of the gravity
model. This friction factor, computed for a sample from a suburban
circumferential corridor was applied to another sample from the same
corridor. Using the gravity model, with the pull and push factors
of the zones estimated with the friction factor, the origin-destination
matrix is estimated. These estimates are computed in a straight
forward, non-iterative manner, yet they are remarkably similar to the
actual trip matrix.

In this paper, this method is applied to sample work trip data in the
Chicago area to demonstrate how the distance effect (friction factor)
is extracted and the method is then applied to another data set as an

empirical test. Since the examples in this study required only a few
hours to compute with a small calculator, the method is considered
to be a useful trip distribution modeling and forecasting technique
whenever the study is relatively small and quick results are desired.
Larger problems may use the same method, but require computer analysis.

Based on the sample application and the applications of both real and
hypothetical examples performed by the authors, but not included in

this report, the performance of the method can be considered to be

good, particularly since few resources need be invested. When the
method is applied manually, the user becomes intimately involved and
can learn more from the procedure while being able to add insight to

the interpretation to a degree uncommon in computer processed analyses.
For these reasons, the authors believe the method should be given
serious consideration for gravity model calibration and trip distri-
bution estimation. This report contains references.
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Segmentation of transportation markets is based on the principle
that areas within the metropolitan region which have similar
attitudinal and/or demographic characteristics will have similar
transportation needs. This study examines several ways in which
these homogeneous subareas of the city may be identified and
in turn how they relate to transportation (work trip) patterns,
namely, mode split.

The purpose of this study is to illustrate the strength of the
relationships between demographic characteristics and modal
choice patterns using census data. Most of the arguments
developed use a cartographic based analysis supplemented by

statistical measures; hence, the arguments rely extensively
on visual interpretation. It is contended herein that such
interpretations can, in some cases, be as powerful and convincing
as numerically based evaluations. The maps produced in this study

use the U.S. Bureau of the Census Urban Transportation Planning

Package (UTPP) as input data.

The authors demonstrate and conclude the validity/utility of three

basic premises: 1) there are distinct areas within the metropolitan

region which can be delimited by demographic variables which

correspond to mode specific areas for the purpose of market seg-

mentation; 2) the U.S. Bureau of the Census UTPP data can be easily

used to easily and quickly perform such an analysis; and 3) this

analysis can be conducted principally with maps to give visual credence

to the relationships discussed. The authors point out the main

advantage of the UTPP data, namely, that it can be readily mapped.

The maps drawn in the Chicago area, according to the authors, have

proven to be a valuable tool of description and analysis, with

statistical measures of association assisting in the completion of

the discussions of spatial and numerical interrelationships.
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This report reflects the view that existing urban transportation
planning processes tend to ignore new transportation technologies,
such as Personal Rapid Transit (PRT), Automated Guideway Transit
(AGT), accelerating moving walkway systems, and shared taxis. The
information system described in this report aims to remedy this
deficiency by specifying all the alternative technologies, new or
old, that can satisfy a need. This system fits into the planning
process after distribution. The intent herein is that this system
be useful to transportation planners and agencies.

This report describes an information system which accepts as input
a set of characteristics describing a particular transportation
need and yields as output a list of transportation technologies
capable of satisfying that need. A broad range of transportation
need situations can be fed into this system. The system, however,
is concerned with people movement rather than with goods movement.
The user of the system specifies the nature and extent of demand,
as well as certain service requirements. A transportation technology
is defined as suited to a particular need situation when the technology
meets the demand and the service requirements, and does so at
reasonable costs. The technologies identified by the system as
suitable to a need are examined to select the one best alternative.
This final selection process is not part of the system. The system
consists of two tables. The procedure used to develop these tables
is discussed. Their use is described and examples are presented
in this report. The system specifices new transportation technologies
as well as old. This report recomnends that a more comprehensive
version of this system be developed in the future.
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The objective of this study was to develop a modal split model
that would be relatively simple (frequently non-computer based),
require little lead time, use readily available data, and be
sensitive to policy alternatives. The model was designed to
contribute to the evaluation of such policy options as station
closing, new route alternatives, addition of park and ride
facilities, skip stop policies, and increasing capacity.

This study produces modal split models specifically for high
density urban corridors. In a two stage process, splits are
established between the automobile and public transportation,
and then bus and rapid transit. The aggregate, trip interchange
models are calibrated using weighted least squares, with modal
disutility functions, service characteristics, and trip end

densities as independent variables. The disutility functions
based on weighted trip segments, proved to be significant. The
data used are from readily available sources, the census UTPP

data aggregated in the Chicago area by 1/4 square mile zones
and public transportation fares and travel times. The background
for the modeling procedure is established by producing a multitude
of computer generated maps displaying the modal split patterns
and by graphing the socioeconomic correlates of model split 1n

the Chicago area. Special attention was given to a thorough
application of the model to Howard Corridor with Chicago Transit
Authority rail rapid transit service. The application estimated
the effects of closing selected peak period reverse commuting
platforms to expedite service. In the process the model was

improved. The modified model estimated a ridership increase of

approximately two percent, but much of the diversion was from

bus rather than the automobile.

The Appendixes are: An Application of the Modal Split Model; The

Effect of Station Closing on Transit Ridership; Calibration of the

Binary Logit Curve; Alternative Modal Spl it Processes ; and Summary

of Application Procedures.
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This document was produced as part of a program of Research and
Training in Urban Transportation sponsored by the Urban Mass
Transportation Administration of the U.S. Department of
Transportation.

The impacts of transportation investments are often measured in

units that make comparisons difficult. Converting the units of
an impact into equivalent dollar values (called monetization).
will allow the combination of diverse effects measured in different
inherent units. The result of this monetization process should

provide additional objective and useful information in the decision-
making process, and thus improve the analysis of investment
al ternatives.

This report. Task 2 of Project 4, concentrates on those impacts
that are relatively easy to monetize (travel time, energy use)

and those impacts that are relatively difficult to monetize
(pollution, accidents). Monetization for current values only
is considered herein; values of impact over time will be considered
in Task 3 of this project. This report consists of nine parts:

an introduction and summary of the findings plus eight appendixes
detailing the monetization process for a number of transportation
impacts. The eight appendixes are as follows: Monetization of
Intangibles: The Case of Pollution; The Cost of Crime for Trans-
portation Planning; Accident Costs in Transportation Planning;
Monetization of Comfort; The Costs of Displacement; Monetization
of Local Area Effects; The Value of Travel Time: State of the Art;

and Monetization of Energy Use. The author concludes that this

report represents a step forward in facilitating the analysis of
investment alternatives and that the monetization technique can

lead to better decision-making and thus should be pursued, advanced,

and refined by further research.
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This paper was produced as part of a program of Research and
Training in Urban Transportation sponsored by the Urban Mass
Transportation Administration of the U.S. Department of Transpor-
tation.

This study reflects the view that advocates of the application of
marketing techniques to encourage transit patronage have tended to
ignore the security problem as a factor in consumer choice behavior.
The purpose of this study is to provide input on the security-
oriented attitudes and perceptions of users and non-users of public
transportation for use in a large scale transit marketing study of
the Chicago metropolitan area. Using verbatim responses of the
subjects involved, this study reports on the use of Focus Group
Interviews to gather information on urban mass transportation.
A focus group interview is a qualitative tool for collecting
information in which a number of respondents simultaneously discuss
a given topic under the influence of a moderator. In contrast with
the questionnaire and survey techniques which rely on relatively
limited responses from many respondents, the focus group provides
the depth and color of response obtained by exploring the probed
responses of a relatively few subjects.

Information obtained from eight groups of users and non-users,
representing a broad cross-section of Chicago metrpolitan area
residents, suggests that personal security plays a potentially
important role in attempts to market urban mass transportation.
Although the data are qualitative and not scientifically projectible,
the findings tend to support the results of other, large scale
studies of the role of security in the urban mass transportation
patronage decision. Some practical, relatively low cost measures
are suggested to help convince present and potential patrons that
authorities are both concerned with, and prepared to do something
about, alleviating the security problem. The findings of this

study suggest that people's perception of, and attitude towards,
the security of urban mass transportation in the central cities is

largely a reflection of their experience.
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This review focuses on the historical application of the Newtonian
gravity formula to model human spatial interaction. The report
states that whatever the interaction being modeled, the underlying
assumption in the use of the formula was that the phenomenon being
modeled is directly proportional to a characteristic of the loca-
tions and inversely proportional to distance.

The purpose of trip distribution models is to forecast an origin-
destination (0-D) matrix. Several different models are briefly
discussed in this report. However, the trip distribution model
highlighted in this report is the gravity model.

This report consists of four major segments: 1) a theoretical
discussion of the gravity model demonstrating how it can be inter-
preted as a dual logit model; 2) a discussion of the history of
trip distribution models; 3) a practical discussion of the diffi-
culties of calibrating the gravity model using least squares pro-
cedures; and 4) an empirical evaluation of alternative calibration
methods. The methods evaluated include sever 1 variations of
regression and elementary analyses, such as weighted regression
to correct for heteroscedastici ty. Also median and mean elementary
analyses are examined; both two-way and three-way.

Even though some of the results are not final, two-way elementary
analyses using means with the resulting residuals regressed against
corridor segment distances, appears to hold the most promise.
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The purpose of this study was to find out the extent to which
states and localities are spending nonfederal funds in support
of public transportation in nonurbanized areas. A detailed
survey was administered to state officials in transportation
or highway departments, to social service agencies of the
state whose budgets include significant funding for client
transportation, to ascertain current and projected expenditures.

This report presents the results of a survey of twenty-five
states, estimating the extent of nonfederal support for public
transportation programs in rural (nonurbanized) areas. The
survey found $36 million dollars of state funds, and three
million dollars of substate funds supporting public trans-

portation in these areas. Based upon these figures, it is

estimated that at least $78 million are spent annually from
nonfederal sources, and that the trend in such funding is

upward. Passage by Congress of operating assistance programs
for rural areas would enlarge the figure.

The principal focus of nonfederal funding is to match social

service based budgets used to enhance mobility of the trans-
portation dependent in nonurbanized areas. Two dollars of
"special service" transportation money is spent at the state
level for every one dollar of "general service" public trans-
portation in nonurbanized areas. The author recommends that
an interagency group at the federal level involve simultaneously
the input from HEW, DOT, DOL, and DOA to maximize local

opportunities for developing transportation programs with use
of federal funds. Currently the majority of the nonfederal

dollars are being used to match social service budgets from HEW.
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Similar to the dilemma facing transit operators, taxi operators
face rising costs and disappearing profits. The Wells' (1977)
survey report, noted herein, shows that half of the operators
did not generate enough revenues in 1975 to cover operating and
capital costs, and about one- fourth of the operators did not
even cover operating costs. This document is intended to serve
as a guidebook for local planners and public officials who wish
to integrate taxi services into the mix of local transit services.

Rather than just reporting the results of the research project,
this report attempts to outline how to establish innovative taxi

operated paratransit services. It focuses on the problems which
face local transportation/public officials rather than taxi

operators; it recognizes the critical position of local officials
in integrating transit and paratransit services. Both conventional
and innovative taxicab services in the United States are examined.
Based upon this examination, guidelines are developed for
establishing similar innovative services elsewhere.

This report is organized around four topics: Background information
of the taxi industry (focus is on the economics of taxi operations);
Description of taxi service innovations; Practical details of
implementing innovative taxi services (focus is on contracts between
public agencies and private operators); and Evaluation of innovative
paratransit services.
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This work deals with the development of a Route Allocation Model
(RAM), a practical methodology to assist the transit planner in

the development of transit' needs. RAM is a computerized transit
route design tool which will sequentially allocate bus (or other)
routes to an area under study. The model is multi-purpose in that
it may be utilized for standard transit route planning or for transit
route planning under a scenario of special interest. These scenarios
may include such items as limited auto-environment planning, school
bus planning, standard Transportation Systems Management Element
applications, and the updating of currently outdated transit routes
to reflect present day transportation needs.

Chapters of this report discuss: the nature of the general transit

routing problem; a disutility function; a definition of the network
and the RAM approach. There are charts that illustrate the differences
between the conventional approach of route planning and the RAM approach

towards transit route planning. The scope of this project includes

a case study application of the RAM methodology in Queens County,

New York City. Results obtained for this case study are presented
as well as recommendations for further research. The RAM methodology
is developed within this text and complemented by the appendices of

computer outputs which illustrate components of the methodology. The

appendix material is not included herein, but it is available on request
from the Transportation Research and Training Center, Polytechnic

Institute of New York.

The RAM methodology should provide the transportation planner with an

innovative, sketch planning approach to deal with the complex transit

routing problem. Currently the Urban Transportation Planning System

does not include a transit route design tool within the suite of programs.

The authors encourage the possibility of including the RAM for the

transit route planning function.
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High direct cost for small-shipment handling in urban areas and
increasing costs of congestion, pollution, and energy consumption
generated by vehicle movement have sparked interest in the current
urban goods movement problem of small-shipment distribution.
This document contains an investigation of the economic advantages
of consolidation terminals for the distribution of small-shipment
freight in large metropolitan areas.

The purpose of this research was to develop and test an Urban
Terminal Investment Model (UTIM) for use in the design decisions
required to locate, construct, and operate a network of terminal
facilities. Several overall criteria are presented as guidelines
to produce a model and a solution procedure which permits terminal

planning on a routine basis. This research has led to a design
methodology which is currently operational for use by transportation
planners. The methodology is implemented with computer programs
collectively called UTIM.

Planning models for two different system operating rules which
assign freight flows to terminals are developed in this report.
The models are designed to identify least cost terminal system
configurations which are valuable in assessing the economic
attractiveness of freight consolidation relative to other goods
movement methods. The UTIM models are nonlinear integer programs
which are solved with new partial enumeration methods developed
in the research.

The research results included realistic evidence for potential

economic superiority of multiple terminal networks over a single
facility, namely, for cities whose metropolitan areas are

characterized by spread out commercial zones and concentrated
truck carrier locations. Application of the UTIM model was tested
using data for the Columbus, Ohio, area. For this analysis, the
least cost configuration was a single consolidation facility which
v/as estimated to permit significant cost savinos over the current
goods movement system.
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A new data collection methodology, the shipper-receiver method,
for determining characteristics of small freight shipments in
urban areas is presented in this report. These characteristics
are used to determine the feasibility of urban goods consoli-
dation terminals for small shipments to and from the Central
Business District (CBD). The objective of this report is to
present and evaluate an experimental design and operational
procedure that will collect less than truckload (LTL) freight
movement data directly from the shippers and the receivers of
goods.

This data collection methodology is specifically designed to

support the Urban Terminal Investment Model (UTIM) which
determines preferred terminal locations and operating policies.
It is intended for use by planners in designing and evaluating
a system of urban goods consolidation terminals for small

shipments. The overall methodology includes the use of survey
of shippers and receivers of small shipment, a ratio-delay
study of randomly selected truck loading areas, and a manual
simulation of vehicle routes and schedules.

Conclusions and recommendations regarding the feasibility and
effectiveness of the shipper-receiver survey, ratio-delay study,
and simulation methods are presented in this report. The main
conclusion drawn from the research is that this methodology
will provide the necessary information at less cost than other
currently available methods.
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This report constitutes one of the final reports for a study to

develop an Urban Terminal Investment Model (UTIM) for use by

planners in designing and evaluating a system of urban goods con-

solidation terminals for small shipments to reduce the cost of
picking up and delivering these shipments in the Central Business
District (CBD). It is a summary of two related reports: A Method-
ology for Determining Characteristics of Small Shipments (PB 279-649)
and The Location and Sizing of Urban Freight Terminals with Multiple
Planning Periods: The Urban Terminal Investment Model (UTIMj
(PB 286-490) . The study describes a planning methodology for
designing the system which is applied in two phases: the data col-
lection phase which involves interviews with shippers and receivers;
a simulation to estimate truck travel times; and a sampling study
to estimate vehicle loading and queuing times, and the investment
phase which involves the application of a UTIM to determine least-

cost terminal investment, location, and operation decisions. The
report also addresses previous studies that have been conducted to
evaluate consolidation terminals.

To illustrate UTIM capabilities, the Columbus, Ohio CBD was analyzed
with forecasts for a 12-year period from 1974 to 1985. The forecasts
were based upon the 1973 estimates of zonal volumes for consoli datable
shipments less than 1000 pounds. The results from the application
of the UTIM in Columbus are presented. These results indicate that
significant savings in pickup and delivery costs could be realized
through the use of a consolidation terminal. In addition, analyses
of the spatial characteristics of urban areas indicate that multiple
terminals in some areas may be more efficient than a single terminal.

NTIS ORDER NO.: PB 288-760/AS PRICE: A03

- 158 -



TITLE: URBAN FREIGHT CONSOLIDATION:
LEGAL, ATTITUDINAL, AND OPERATIONAL CONSIDERATIONS
ASSOCIATED WITH IMPLEMENTATION

AUTHOR: The Ohio State University
(James F. Robeson)

DATE; May 1978 project no.: OH-n-O'OOl

KEYWORDS:

1. Freight Movement 5. Trucks
2. Center City 6. Urban Goods Movement
3. Inner City
4. Stations and Terminals

Of the several alternatives proposed to solve the urban congestion/
small shipment problem, the most commonly mentioned are the temporal
or spatial separation of freight and passenger movement, the revision
of building codes and zoning ordinances, improvements in traffic
engineering and street design, and the consolidation of pick-up
and delivery service through a centralized terminal. This report
points out that the freight consolidation concept has been recognized
as having the greatest merit.

This study examines the issues associated with implementing the
concept of urban freight consolidation. It includes an analysis
of the legal implications of alternative forms of ownership and
the impact which ownership might have on operating rights. In

addition, it reports the findings of a national survey conducted
to determine the attitudes toward urban freight consolidation held
by consignees, consignors, transport agents, public warehousemen,
and planning agents. It also examines the concerns expressed by

each of the preceeding publics relative to implementing and operating
a consolidation terminal or series of terminals. The primary focus
of this research has been to investigate the economic and social

impact which an urban small shipment consolidation terminal might
have on a typical metropolitan area such as Columbus, Ohio.

This report concludes that: urban goods consolidation is economically
feasible and socially desirable; there are no apparent legal restric-
tions that cannot be overcome; and the attitudes toward consolidation
by the publics are favorable. A set of conclusions stating how urban
terminal consolidation might best proceed is also included.

Appendix A herein describes three phases of this research, namely,
the economic and social desirability of an urban consolidation
terminal, the economic costs of constructing and operating such a

terminal, and modeling the site selection decision. Appendix B

contains the attitude survey questionnaire.
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The major objective of this research is to determine the feasibility
of using existing communications technology to prevent the need for
many of the Central Business District (CBD), inter-office business
trips currently made in the Pittsburgh, Pennsylvania area. The
effect these technologies may exercise on future urban form and
travel patterns is also examined, as various types of communication
systems, their use, cost-effectiveness, advantages/disadvantages,
and short and long-term forecasting as to present and future changes
are discussed.

The work trip offers the greatest potential for relieving congestion
and associated costs, and since two out of five trips within the urban
area (world-wide) are home to work and work to home, the possibilities
of reducing peak hour congestion, delays, accidents, and pollution
are immense. There are indications that in the future offices may
provide suburban branches for the convenience of employees who can

work together effectively with picture phones and time-sharing
computers. However, although work trips may decrease, the additional
time and ability to travel may result in dramatic increases in trans-
portation for pleasure.

A study methodology is contained herein which represents the ideal

procedure for determining how physical transportation and telecommu-
nications are interrelated and how, together, they affect urban struc-
ture. However, several reasons are presented as to why these procedures
are unlikely to be achieved at this time. The report addresses the

Contact Record Surveys which were developed to present existing trip-
making based on a sample of Pittsburgh CBD centers. Results of the

questionnaires are analyzed and implications for substitution are
formulated. The results of the Contact Record Survey tend to support
an underlying hypothesis of this thesis that sophisticated telecommuni-
cations could substitute for many inter-office business trips originat-
ing in Central Business Districts. The results, based on limited data
and therefore preliminary in nature, point toward a broad marker for
substitution and underscore the need for further research in this area.
A listing of References is included in this study.
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The energy crisis of 1973-1974 convinced many Americans that
changes in their commuting habits would soon be necessary.
Through vanpool ing commuters can not only reduce energy
consumption, but also save money. This study focuses only
upon the employer operated vanpool programs, and the intent is

to identify those conditions under which vanpool ing operates best.

This study aims to identify factors that have made for the
success or failure of some employer vanpool programs. Information
was obtained from lengthy questionnaires sent to managers of

58 different employer programs; the results of the 58 returns
are documented herein.

Results show that vanpool ing occurs predominantly in outlying
regions of the metropolitan areas, among professional and office
v^orkers, and not necessarily in organizations with many employees.
Management interest played a key role in their existence, and

usually no previous carpool program existed. Successful programs
were motivated by factors which had some rewards to management.
Failures occurred with user, more so than management, apathy.

This document contains a Bibliography. The Appendices contain

a copy of the six-page employer survey/questionnaire and a list

of agency/firm contacts.
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A major contention of this. paper is that a significant opportunity
exists to apply computer tools to problems in the field of urban
analysis and planning, mainly by expanding perceptions of the
types of information processing and problem-solving for which com-
puters can be used.

This paper presents a philosophical discussion of analysis needs
when data bases with spatial components are available. The tool

called the Interactive Spatial Analysis and Display System (ISADS)
has been constructed to aid these needs, and example applications
are presented herein to illustrate the use of this tool. ISADS is

a computer system designed to aid the experimental, interactive
analysis of spatial data. "Experimental, interactive analysis"
involves data base browsing, heuristics, and hypothesis formulation
and testing conducted in a real time mode using a graphic display
terminal. The use of graphic displays as a powerful device for
discovering spatial relationships has been fully exploited in ISADS.

ISADS is a general -purpose system that can be used with a variety of
data base types. At the most primitive level, it is suitable for
analysis of data which lacks spatial identification. Its utility
becomes particularly evident if the data base is geocoded, per-
mitting the creation of spatial displays and the exploration of
spatial relationships. Finally, if a cartographic data base is

available, then a variety of types of map overlays is possible,
further enhancing the spatial analysis capability. User communica-
tion with ISADS is by means of an easily learned, English-language
type command structure. The system takes advantage of a commercially
available Data Base Management System (DBMS) to simplify the creation,
updating, and maintenance of the data base. In addition, the DBMS

supports a general purpose programming language interface which
permits ready development of new applications within ISADS.
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This report was written as the result of a general interest by

U.S. Department of Transportation officials as to the feasibility
of Betterment Development Financing and Joint Development. The
intent is that the report will capture the interest of transit
planners, as well as those interested in betterment and joint
development. It proposes a general methodology for evaluating
land use and investment activity with respect to land in the

vicinity of surface transit facilities. Although development
and benefit district financing has been considered relative to

heavy rail urban transportation systems, little attention has

been paid to their application to buses.

The three major objectives of the research were: (1) to

determine if there are incremental benefits accruing to land
near bus, trolley, and by inference light rail facilities;

(2) to examine equity issues in potential tax benefit districts
serving such facilities; and (3) to examine the potential of
joint development with respect to surface transit. An under-
lying objective was the presentation of an interactive spatial
analysis system suited to the small-scale study of transit system
impacts and relationship to their environment.

A variety of criteria were used to identify desirable benefit
district and joint development study areas, such as: (1) diversity
in population and housing characteristics; (2) diversity in land
uses; and (3) service by a variety of transit routes. Two basic
data files were selected -- a building investment data and block-
level population and housing data. Two types of building invest-
ment — commercial and multi-family new construction — were
chosen as the best available indicators of benefit or development
potential. Primary focus was directed to exploring locations
in the vicinity of multiple routes where levels of commercial
and multi-family new investment might be particularly high.

The study concludes that the use of special benefit districts
would be difficult to operational ize and that joint development
opportunities are encouraging.
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Transit performance measures (TPM's) are the values of variables
associated with transit performance, with respect to the vehicle
itself, the service, use of. the service, the costs of the service,
and the social, economic and environmental impacts of the various
elements of the physical system. Urban transportation issues of
interest in this study are mainly those that relate to the subvention
of tax monies, whether state or federally collected. The main problem
addressed is the development of meaningful TPM's for funding allocation.
Other issues deal with the multimodal nature of urban trips; the
insensitivity of the state-of-the-art TPM's to paratransit services;
and the use and application of TPM's, once they are attained. This
report should be of particular interest to policy-makers dealing
with the subvention of funds to local transit properties.

The objective of this research is to develop, a basis for critical
evaluation of TPM's as allocation mechanisms--what they do or do
not measure and why, common expectations of use, and inconsistencies
in the approaches reviewed. A matrix framework was developed to test
the aggregate signifance, ease of definability, data obtainabil ity,

and inter- transit system consistency of state-of-the-art measures.
A case study (CalTrans) is presented that provides a pragmatic feedback
to the TPM evaluation presented earlier, and 11 CalTrans TPM's are
discussed. Six generic TPM's were uncovered in the deductive screening
process that are deemed to have potential utility to the allocation
of transit support funds: 1) Energy efficiency; 2) Fiscal operating
efficiency; 3) Vehicle use efficiency (system-wide revenue hours per

vehicle); 4) Vehicle use efficiency (system-wide revenue miles per

vehicle mile); 5) Transit service consumption efficiency; and 6) Labor
efficiency. Examples of the difficulties in developing TPM's for use

in the evaluation of transit properties are discussed in three studies:

CalTrans, Fielding and Glauthier, and the Auditor General's report.
This report concludes that the utility of TPM's has been overestimated,
particularly with regard to their use in allocating funds to individual
transit properties.
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The concept of major activity centers as a key growth shaping element
of any regional development plan has been widely accepted by the
planning profession but few serious studies designed to make the
concept operational have been undertaken to date. The purpose of this
report is to review the activity centers concept and to examine its

relationship to the public transit part of the regional development plan.

This report investigates the role of transit in aiding the implementation
of land use plans that call for the creation of major diversified centers
in the outer city. The polycentric city concept is defined and illustrated
by reference to regional planning work in the Twin Cities of Minnesota.
Arguments for and against the concept are outlined and the results of
a survey relating to the present status of the concept are presented.
An evaluation framework is developed and applied in visits to ten
American and two Canadian urban regions. The most interesting work on
this topic was found in Vancouver, B.C., and Toronto, Ontario. Other
interesting work has been done in the Twin Cities and San Diego. The
results of the field work are summarized and seven specific examples
of noteworthy progress toward the development of outer city centers
of significant scale are described. A brief discussion of the national

potential for outer city centers is developed from several perspectives.
Current UMTA policy with respect to outer city centers is reviewed as

are several related studies recently completed or in process. Some
policy options regarding UMTA's potential role in aiding the creation
of outer city centers are defined. A do-nothing option is discussed
as is a three-stage do-something option that is incremental in nature.

This document marks the half-way point of a two-year research project.

Its main purpose is to foster discussion of the issues raised so as to

aid the further assessment of the utility of the polycentric concept
to the evolution of more viable areawide transit systems.
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The existence of Geographic Base Files (GBF) for most large urban
areas offers a significan^t resource for the network models required
for many transportation studies. The thrust of the Network Basefile
System (NETBASIS) development, underway at the University of Washing-
ton since 1974, is to explicitly build upon the existing GBF data
resource (which has been operational for the City of Seattle for
many years) and to provide a general purpose transportation network
data base together with the required data manipulation and display
software. The purpose of this paper is to present a status report
on the NETBASIS development as of June 1977.

The system presented herein is implemented in an interactive graphic
computer environment. Aside from the standard data base input,
editing, and retrieval capabilities given by the host Data Base
Management System, software has been implemented to allow the user
to extract geographic or functional subsets of the network. This

extracted network can then be "abstracted" to remove non-intersection
nodes, thus producing a network model which can be used within most
existing transportation planning tools, such as the UMTA Transporta-
tion Planning System. An interactive graphic network editor is also
provided which allows the user to modify his extracted/abstracted
network to reflect planning options to be analyzed.

This report contains: 1) an overview description of NETBASIS in

terms of its current functional specifications and the design
philosophies used to implement these functions; 2) a description of
the content and structure of the files making up the network data
base together with the sources of the data; 3) sample application
of each of the NETBASIS functions implemented to date; and 4) some
general conclusions and indications as to future direction in the

implementation, testing, and operationalization of NETBASIS. During
the 1977-78 academic year, the University of Washington will conduct
a detailed analysis of an on-board origin-destination survey recently
completed by METRO. This project will emphasize those analyses for
which an interactive, graphic, spatial analysis and display capa-
bility seem most suitable.
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This research report reflects the view that vanpooling has
emerged as a viable and new form of commuter transportation
that can help meet public goals of reduced fuel consumption,
air pollution, and congestion while affording benefits to
individuals and employers; it is worthy of state attention.
The intent of this report is to serve as a general assessment
of current legislative interest and state promotional develop-
ment in vanpooling. Information herein should be useful to
the following: federal and state regulatory and legislative
bodies; federal, state, and local transportation related
agencies; university research groups; and employer organiza-
tions with or without ridesharing programs for employees.

The primary objectives of this report are as follows: to draw
attention to state vanpool development and legislative action;
to catalogue how the fifty states approach their regulation of
vanpool operations; to present a compendium of state legislative
interest, promotion, and development in vanpooling in a scenario
format for use by other states; to present a case study documen-
tation of Minnesota's response to promoting and developing
vanpooling as a viable commuter mode of transportation; and to

offer a package list of employer, legislative, and regulatory
actions which can and should be taken to promote and encourage
the development of shared-ride services like vanpooling.

This report contains a comprehensive bibliography on vanpooling
to date. Appendix A contains a glossary of terms; Appendix B

is a compendium of state legislative interest, promotion, and

development of vanpooling activity; and Appendix C contains the

letters sent to State Transportation Committee Chairpersons

(58 states), DOT Staff, and Regulatory Body Personnel.
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This study focuses on labor-management relations in the urban mass
transit industry from 1960-1975, a period during which most of the

major transit systems changed from private to public ownership and
began receiving substantial funding from government. A major objective
of this study was to evaluate how collective bargaining outcomes— transit
wages, labor cost, and work rules--changed with the advent of public
ownership and public subsidies.

Two chapters of this study are devoted to an examination of the development
of Amalgamated Transit Union (ATU) policies and how they affect practices

in the urban transit industry. The political, legal, and economic factors
shaping the collective bargaining relationship are explored. Special
attention is directed toward such factors as: 1) the labor protection
clause. Section 13 (c), of the Urban Mass Transportation Act, and

2) the reliance on "interest" arbitration for the settlement of the terms

of new contracts during the past ..eventy years. Data on wage and selected
fringe benefit changes in the 1960-75 period are reviewed. The impact

of the change from private to public ownership and the increasing

reliance on governmental subsidies are studied. Because this is an

exploratory study which relies in part on secondary data, conclusions

are tentative.

The findings herein are based on several data collection and analysis

techniques. Chapter X is based on data primarily from APTA's TRANSIT
OPERATING REPORTS for various years; Chapters V and VI reflect information

obtained from ATU publications and interviews with the national leadership

of that union. The primary data sources for the other chapters were
personal interviews with union and management spokesmen at 25 individual

transit systems scattered across the U.S.

Some of the findings contained in this report indicate that: 1) labor
and management officials at the 25 sample properties visited expressed
satisfaction with the procedures now in force for meeeting Section 13 (c)

requirements; and 2) transit's unique brand of private sector collective

bargaining has been carried on within a governmental context almost
unchanged in structure or process.
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